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METHODS AND COMPOSITIONS FOR 
AMELORATING PANCREATIC CANCER 

REFERENCE TO RELATED APPLICATIONS 

This application is the U.S. National Phase of Application 
No. PCT?US2O11/O57751 entitled METHODS AND COM 
POSITIONS FOR AMELIORATING PANCREATIC CAN 
CER filed Oct. 25, 2011 and published in English on May 3, 
2012 as WO2012/058241 which claims the benefit of U.S. 
Provisional Application No. 61/445,795 entitled “TARGET 
ING CXCL12-CXCR4 SIGNALING AXIS TO OVER 
COME GEMCITABINE-RESISTANCE TO PANCREATIC 
CANCER CELLS and filed Oct. 26, 2010, the disclosure of 
which is incorporated herein by reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED R&D 

This work is Supported, in part, by a grant from the 
National Institutes of Health (CA137513). The government 
may have rights in the Subject matter provided herein. 

REFERENCE TO SEQUENCE LISTING 

The present application is being filed along with a 
Sequence Listing in electronic format. The Sequence Listing 
is provided as a file entitled USA 011 WO.TXT, created Oct. 
25, 2011, which is approximately 17 KB in size. The infor 
mation in the electronic format of the Sequence Listing is 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

Embodiments of the present invention include methods 
and compositions for ameliorating cancer. Some embodi 
ments include methods and compositions for ameliorating 
pancreatic cancer targeting the CXCR4 receptor and the 
CXCL 12 ligand. 

BACKGROUND OF THE INVENTION 

Pancreatic cancer is a highly lethal malignancy with an 
extremely poor prognosis. The overall median Survival after 
diagnosis is 2-8 months, and only 1-4% of all patients with 
pancreatic adenocarcinoma Survive 5 years after diagnosis 
(Singh et al., 2004). According to an estimate of the American 
Cancer Society, 42,470 Americans were diagnosed with pan 
creatic cancer in 2009 and 35.240 died from it, marking this 
malignancy as the fourth leading cause of cancer deaths (Je 
mal et al., 2009). Surgical resection is the best and most 
effective choice for treatment, but in majority of cases, the 
disease is locally advanced or has already metastasized to 
distant organs at the time of diagnosis. In the latter scenario, 
chemotherapy is considered as an option, but the effects are 
usually modest due to chemo-resistance (Reiba et al., 2009: 
Liau and Whang, 2008). Drug-resistance in pancreatic cancer 
cells is thought to occur mainly as a result of active Survival 
mechanisms and/or inefficient drug delivery because of the 
fibrotic nature of pancreatic tumors (Olive et al., 2009; Pei et 
al., 2009). Hence, there is an urgent need to develop alterna 
tive strategies and novel therapeutics for effective treatments 
of this devastating malignancy and improve clinical outcome. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention include methods 
and compositions for ameliorating cancer. Some embodi 
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2 
ments include methods and compositions for ameliorating 
pancreatic cancer targeting the CXCR4 receptor and the 
CXCL 12 ligand. Some embodiments provided herein relate 
to methods of reducing the resistance of a tumor cell to a 
chemotherapeutic agent comprising inhibiting CXCL12. In 
Some embodiments, inhibiting CXCL12 comprises contact 
ing the cell with a CXCR4 antagonist. 

In some embodiments, the CXCR4 antagonist is selected 
from the group consisting of Plerixafor (AMD3100), 
BKT140, TN14003, CTCE-9908, KRH-2731, TC14012, 
KRH-3955, and AMD070. In some embodiments, the 
CXCR4 antagonist comprises Plerixafor (AMD3100). 

In some embodiments, inhibiting CXCL12 comprises 
reducing expression of a nucleic acid encoding CXCR4. 

In some embodiments, reducing the expression of a nucleic 
acid encoding CXCR4 comprises contacting the cell with a 
nucleic acid selected from the group consisting of an anti 
sense RNA, siRNA and ribozyme. 

In some embodiments, the tumor cell comprises a pancre 
atic tumor cell. In some embodiments, the tumor cell is 
selected from the group consisting of CFPAC-1, ASPc-1, 
SW 1990, Colo-357, MiaPaca, Panc1, Panc02.37, 
Panc10.05, BXPC3, Panc02.03, HPAF-II, and CaPan-1. 

In some embodiments, the tumor cell comprises a mam 
malian tumor cell. In some embodiments, the tumor cell 
comprises a human tumor cell. 

In some embodiments, the chemotherapeutic agent com 
prises gemcitabine. In some embodiments, the chemothera 
peutic agent comprises gemcitabine and erlotinib. 
Some embodiments provided herein relate to methods of 

reducing growth of a tumor cell comprising inhibiting 
CXCL12. 

In some embodiments, inhibiting CXCL12 comprises con 
tacting the tumor cell with a CXCR4 antagonist. In some 
embodiments, the CXCR4 antagonist is selected from the 
group consisting of Plerixafor (AMD3100), BKT140, 
TN14003, CTCE-9908, KRH-2731, TC14012, KRH-3955, 
and AMD070. In some embodiments, the CXCR4 antagonist 
comprises Plerixafor (AMD3100). 

In some embodiments, inhibiting CXCL12 comprises 
reducing the expression of a nucleic acid encoding CXCR4. 

In some embodiments, reducing the expression of a nucleic 
acid encoding CXCR4 comprises contacting the tumor cell 
with a nucleic acid selected from the group consisting of an 
antisense RNA, siRNA and ribozyme. 

In some embodiments, the tumor cell comprises a pancre 
atic tumor cell. In some embodiments, the tumor cell is 
selected from the group consisting of CFPAC-1, ASPc-1, 
SW 1990, Colo-357, MiaPaca, Panc1, Panc02.37, 
Panc10.05, BXPC3, Panc02.03, HPAF-II, and CaPan-1. 

In some embodiments, the tumor cell comprises a mam 
malian tumor cell. In some embodiments, the tumor cell 
comprises a human tumor cell. 
Some embodiments provided herein relate to methods of 

enhancing apoptosis in a tumor cell comprising inhibiting 
CXCL12. 

In some embodiments, inhibiting CXCL12 comprises con 
tacting the tumor cell with a CXCR4 antagonist. In some 
embodiments, the CXCR4 antagonist is selected from the 
group consisting of Plerixafor (AMD3100), BKT140, 
TN14003, CTCE-9908, KRH-2731, TC14012, KRH-3955, 
and AMD070. In some embodiments, the CXCR4 antagonist 
comprises Plerixafor (AMD3100). 

In some embodiments, inhibiting CXCL12 comprises 
reducing the expression of a nucleic acid encoding CXCR4. 

In some embodiments, reducing the expression of a nucleic 
acid encoding CXCR4 comprises contacting the tumor cell 
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with a nucleic acid selected from the group consisting of an 
antisense RNA, siRNA and ribozyme. 

In some embodiments, the tumor cell comprises a pancre 
atic tumor cell. In some embodiments, the tumor cell is 
selected from the group consisting of CFPAC-1, ASPc-1, 
SW 1990, Colo-357, MiaPaca, Panc1, Panc02.37, 
Panc10.05, BXPC3, Panc02.03, HPAF-II, and CaPan-1. 

In some embodiments, the tumor cell comprises a mam 
malian tumor cell. In some embodiments, the tumor cell 
comprises a human tumor cell. 
Some embodiments provided herein relate to methods of 

identifying a therapeutic compound comprising contacting a 
target cell with a test compound and a CXCR4 agonist; and 
determining whether the test compound significantly changes 
the level of expression or activity in the target cell of a protein 
selected from the group consisting of FAK, Akt, ERK, B-cate 
nin, NF-kB, Bcl-2, Bcl-XL, Notch1, phosphorylated BAD, 
and SHH. 

In Some embodiments, the CXCR4 agonist comprises 
CXCL12. 
Some embodiments also include comparing the level of the 

protein in a target cell which has been contacted with the 
CXCR4 agonist and has not been contacted with the test 
compound to the level of the protein in a target cell contacted 
with the test compound and the CXCR4 agonist. 
Some embodiments also include determining whether the 

test compound decreases the level or activity of the protein. 
In some embodiments, the cell comprises a pancreatic cell. 

In some embodiments, the cell is selected from the group 
consisting of CFPAC-1, AsPc-1, SW 1990, Colo-357, Mia 
PaCa, Panc1, Panc02.37, Panc10.05, BXPC3, Panc02.03, 
HPAF-II, and CaPan-1. 

In some embodiments, the cell comprises a tumor cell. 
In some embodiments, the cell comprises a mammalian 

cell. In some embodiments, the cell comprises a human cell. 
Some embodiments provided herein relate to methods of 

ameliorating cancer in a subject comprising administering an 
effective amount of a CXCL12 inhibitor to the subject. 

In some embodiments, the CXCL12 inhibitor comprises a 
CXCR4 antagonist. In some embodiments, the CXCR4 
antagonist is selected from the group consisting of Plerixafor 
(AMD3100), BKT140, TN14003, CTCE-9908, KRH-2731, 
TC14012, KRH-3955, and AMD070. In some embodiments, 
the CXCR4 antagonist comprises Plerixafor (AMD3100). 
Some embodiments also include administering a chemo 

therapeutic agent to the Subject. 
In some embodiments, the administration of the CXCL12 

inhibitor to the subject decreases the resistance of the tumor to 
the chemotherapeutic agent. 

In some embodiments, the cancer comprises pancreatic 
CaCC. 

In some embodiments, the Subject is mammalian. In some 
embodiments, the Subject is human. 
Some embodiments provided herein relate to kits for iden 

tifying a therapeutic agent comprising a CXCL 12 inhibitor; 
and an isolated tumor cell. 

In some embodiments, the CXCL12 inhibitor comprises a 
CXCR4 antagonist. In some embodiments, the CXCR4 
antagonist is selected from the group consisting of Plerixafor 
(AMD3100), BKT140, TN14003, CTCE-9908, KRH-2731, 
TC14012, KRH-3955, and AMD070. In some embodiments, 
the CXCR4 antagonist comprises Plerixafor (AMD3100). 

In some embodiments, the cell comprises a pancreatic cell. 
In some embodiments, the cell is selected from the group 
consisting of CFPAC-1, AsPc-1, SW 1990, Colo-357, Mia 
PaCa, Panc1, Panc02.37, Panc10.05, BXPC3, Panc02.03, 
HPAF-II, and CaPan-1. 
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4 
In some embodiments, the cell comprises a mammalian 

cell. In some embodiments, the cell comprises a human cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 relates to CXCR4 and CXCL12 expression and 
growth response in pancreatic cancer cells. FIG. 1A depicts a 
Western blot. Total protein was isolated from twelve pancre 
atic cancer cell lines and resolved on 10% SDS polyacryla 
mide gels by electrophoresis; the gels were immunoblotted 
with anti-CXCR4 rabbit polyclonal antibodies and reprobed 
with anti-factin (internal control) mouse monoclonal anti 
body. CXCR4 was expressed at varying levels in all pancre 
atic cancer cell lines tested. FIG. 1B depicts a graph of 
CXCL12 expression in various pancreatic cancer cell lines. 
An enzyme-linked immunosorbant assay (ELISA) was per 
formed on conditioned culture media from pancreatic cancer 
cells grown under serum-free conditions for 72 h using a 
commercial kit. Low level of CXCL12 expression (13–230 
pg/mL/10° cells) was detected in all pancreatic cancer cell 
lines. FIG. 1C depicts a graph of relative growth of MiaPaca 
and Panc 1 pancreatic cancer cells upon CXCL 12 treatment 
(100 ng/ml) indicating the functionality of CXCL12-CXCR4 
signaling axis. CXCL 12 stimulation (in serum-deprived and 
-Supplemented media) led to the significant induction ( 
p<0.01) of growth in pancreatic cancer cells. Responses were 
more pronounced under serum-free conditions than in serum 
containing cultures likely due to the compensatory growth 
promoting effects of other serum factors. 

FIG. 2 relates to relative survival of pancreatic cancer cells 
and rescue of cells from gemcitabine-induced toxicity upon 
CXCL12 treatment. FIG. 2A and FIG. 2B depict graphs of 
relative survival of the pancreatic cancer cells, Panc1 and 
MiaPaca, respectively. Cells were treated with various doses 
of gemcitabine (0-10 uM) under serum-supplemented condi 
tion in presence and absence of CXCL12 (100 ng/mL). Can 
cer cell viability was examined 72 h post-treatment by MTT 
assay. Significant protection of pancreatic cancer cells from 
gemcitabine toxicity (at 5 and 10 uM) by CXCL12 was 
observed. Data is presented as relative survival with respect to 
untreated or CXCL 12 only-treated cells to control for the 
growth promoting effect of CXCL12 (p<0.01). 
FIG.3 relates to anti-apoptotic effects of CXCL12 treat 

ment on gemcitabine-induced cell death. FIG. 3A depicts a 
photomicrograph of a DNA fragmentation assay. Cells were 
seeded in 6 cm Petri-dishes and treated with 5 and 10 uM 
gemcitabine in the absence or presence of CXCL12 (100 
ng/mL) for 48 h. Subsequently, genomic DNA was isolated 
and resolved (2 ug/lane) on 1% agarose gel. Lane 1: 
untreated, lanes 2 & 3: gemcitabine-treated (5 and 10 uM), 
respectively, and lanes 4 & 5: gemcitabine-treated (5 and 10 
uM, respectively) in presence of CXCL12. CXCL12-treated 
pancreatic cancer cells exhibit reduced DNA laddering com 
pared to cells treated with gemcitabine only. FIG. 3B relates 
to an in situ determination of apoptosis, and depicts a series of 
photomicrographs of treated cells. Panc1 and MiaPaca cells 
were cultured on chamber slides and treated with gemcitabine 
(5 uM) in absence and presence of CXCL12 (100 ng/mL). 
Apoptosis was detected by staining the cells with CaspACE 
FITC-VAD-FMK solution in PBS for 2 hat 37° C. Following 
fixation, bound marker was visualized by fluorescent detec 
tion under a confocal microscope. CXCL12 co-treated cells 
exhibit reduced apoptosis by gemcitabine as evident by the 
decreased fluorescence intensity and number of positively 
(dark green florescent) stained cells. Representative pictures 
are from one of the random fields of untreated (upper panel), 
gemcitabine only (middle panel) and gemcitabine--CXCL12 
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treated (lower panel) MiaPaca cells. Similar findings were 
also reported for Panc1 cells (data not shown). DAPI stained 
cells: panels a, d, and g; FITC stained cells: panels b, e, and h: 
Overlay: panels c, f, and i. 

FIG. 4 relates to CXCL12-induced activation of FAK, Akt 
and ERK pathways and depicts Western blots. Sub-confluent 
Panc1 and MiaPaca cell cultures were treated with CXCL12 
(100 ng/mL) for 5, 15 and 30 min durations. Protein was 
extracted and resolved on SDS-polyacrylamide gels by elec 
trophoresis. Activation of FAK, Akt and ERK pathways was 
assessed by immunoblotting using total and phospho-form 
specific antibodies as indicated. B-Actin served as an internal 
control. CXCL12-treatment induced the phosphorylation of 
all three effector proteins with a concomitant inactivating 
phosphorylation of pro-apoptotic BAD protein in both Panc1 
and MiaPaca cell lines. 

FIG. 5 relates to induction of B-catenin/TCF and NF-kB 
transcriptional activities and expression of Survival proteins 
by CXCL12 in pancreatic cancer cells. FIG. 5A depicts 
graphs for relative f3-catenin and NF-kB activity in Panc1 and 
MiaPaca cells. Pancreatic cancer cells were transfected with 
TOPflash or FOPflash or NF-kB luciferase reporter con 
structs along with Renilla luciferase construct to control for 
the transfection efficiency. Cells were treated with CXCL12 
24 h post-transfection and protein isolated in passive lysis 
buffer. Luciferase activity was assessed using a dual-lu 
ciferase assay system and data presented as fold change in 
luciferase activity after normalization. Bars represent the 
average of triplicates-S.D., *, statistically significant differ 
ence (p<0.01). FIG. 5B depicts Western blots showing the 
change in expression of Bcl-2, Bcl-XL, Notch I and survivin 
examined in CXCL12-treated cells at different time durations 
by immunoblotting. An increased expression of all the four 
survival proteins was detected in CXCL12-treated pancreatic 
cancer cells. 

FIG. 6 relates to the effect of CXCR4 targeting and block 
ade of PI3K or Erk pathways on the cytoprotective effect of 
CXCL12 in pancreatic cancer cells from gemcitabine-in 
duced toxicity. FIG. 6A depicts Western blots of pancreatic 
cancer cells (Panc1 and MiaPaca) treated with AMD3100 (5 
ug/mL) or LY294.002 (20 uM) or PD98059 (25uM) for 1 h 
prior to induction with CXCL12. Total protein was isolated 
15 min post-CXCL12 treatment and activation of Akt and 
ERK was examined by immunoblotting for their total and 
phospho-forms. AMD3100 inhibited the activation of both 
Akt and ERK pathways, while LY294.002 and PD980S9 spe 
cifically inhibited Akt and ERK pathways, respectively. FIG. 
6B depicts graphs of relative survival of cells. Cells were 
pre-treated with AMD3100 or LY294.002 or PD980S9 or PBS 
for 1 h. Subsequently, cells were treated with CXCL 12 or 
gemcitabine either alone or in combination. Cell viability was 
assessed by MIT assay. Bars represent the average of 
triplicates-S.D.: *, statistically significant difference 
(p<0.01) with respect to Gemcitabine--CXCL12-treated 
cells. Bars 1: untreated, 2: CXCL12-treated, 3:AMD3100 
pretreated.--CXCL12-treated, 4: gemcitabine-treated, 5: gem 
citabine--CXCL12-treated, 6: AMD3100-pretreated-gemcit 
abine--CXCL12-treated, 7. LY294.002-pretreated+ 
gemcitabine--CXCL12-treated, and 8: PD980S9-pretreated.-- 
gemcitabine--CXCL12-treated. 

FIG.7 relates to a time-course of CXCL12-induced sonic 
hedgehog (SHH) expression in Panc 1 (left-most six columns/ 
lanes) and MiaPaca (right-most six columns/lanes) treated 
cells, and depict graphs offold-expression of Sonic hedgehog 
(SHH) measured using Q-RT-PCR, and photomicrographs of 
agarose gels of amplified products and Western blots of pro 
tein expression of SHH. 
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6 
DETAILED DESCRIPTION 

Embodiments of the present invention relate to methods 
and compositions for ameliorating cancer. Some embodi 
ments include methods and compositions for ameliorating 
pancreatic cancer targeting the CXCR4 receptor and the 
CXCL 12 ligand. Pancreatic cancer cells are highly resistant 
to drug therapy; however, underlying causes remain largely 
unknown. Activation of CXCL12-CXCR4 signaling may 
confer drug-resistance to pancreatic cancer cells by potenti 
ating Survival. CXCR4 is overexpressed in precancerous/ 
malignant pancreatic lesions and cancer Stem cells, and impli 
cated in its pathogenesis. As described in this application, 
pancreatic cancer cells treated with gemcitabine exhibited 
reduced cytotoxicity in presence of CXCL12 as compared to 
the cells treated with drug alone. CXCL12 induced the acti 
Vation of FAK, ERK and Akt signaling pathways, enhanced 
transcriptional activities of B-catenin and NF-kB, and expres 
sion of survival proteins. AMD3100 arrested the CXCL12 
induced pancreatic cancer cell growth and drug-resistance. 
These findings demonstrate a role of the CXCL12/CXCR4 
signaling axis in conferring drug-resistance to pancreatic can 
cer cells and Suggest a novel therapeutic target for pancreatic 
cancer therapy. 
The chemokine receptor, CXCR4, is expressed in a variety 

of malignancies and has been extensively studied for its role 
in cancer pathogenesis (Singh et al., 2007; Gelmini et al., 
2008). CXCR4 expression is elevated in majority of pancre 
atic cancer tissues and pre-cancerous lesions, suggesting its 
role in pancreatic cancer pathogenesis (Marechal et al., 2009: 
Thomas et al., 2008). CXCL12, a ligand for CXCR4, is also 
abundantly produced by neighboring stromal cells and acti 
Vation of CXCR4-expressing pancreatic cancer cells by 
CXCL 12 leads to enhanced chemotaxis, transendothelial 
migration and Matrigel invasion (Matsuo et al., 2009: 
Marchesi et al., 2004). Furthermore, high concentrations of 
CXCL12 are present at the common sites of pancreatic 
metastases (lymph nodes, liver, lungs, etc.), suggesting that 
CXCL12-CXCR4 signaling may play a role in the homing of 
pancreatic cancer cells to specific organs (Saur et al., 2005; 
Mori et al., 2004). Importantly, a recent study also showed 
that a distinct subpopulation of CD133: CXCR4" cancer 
stem cells (CSCs) was present at the leading edge of invasive 
pancreatic tumors indicating a potential role of CXCR4 in the 
invasion process (Hermann et al., 2007). CXCR4 expressed 
on pancreatic cancer stem cells was shown to be essential for 
their invasive and metastatic properties, Suggesting a strong 
correlation with disease aggression (Hermann et al., 2007). 
The CXCL12-CXCR4 signaling axis has also been impli 
cated in desmoplastic alterations of Surrounding stroma 
favoring tumor cell growth (Marlow et al., 2008). In other 
studies, CXCL12-CXCR4 signaling was shown to stimulate 
pancreatic cancer cell proliferation and protection of cancer 
cells from serum deprivation-induced apoptosis (Marchesi et 
al., 2004; Sauret al., 2005; Koshiba et al., 2000; Marlow et al., 
2008). Altogether, these observations indicate an important 
role of CXCR4 signaling in pancreatic cancer Survival, pro 
liferation, invasion, and metastasis, suggesting this signaling 
axis as a potential target for cancer therapy. 

Gemcitabine is the only FDA-approved chemotherapeutic 
drug for the treatment of advanced and metastatic pancreatic 
cancer. However, it has not proven very effective clinically 
and improvement in patient’s Survival undergoing gemcitab 
ine therapy is only minimal (Olive et al., 2009; Wong and 
Lemoine, 2009). It was hypothesized that the CXCL12 
CXCR4 signaling axis is involved in pancreatic cancer drug 
resistance by stimulating intrinsic cell Survival mechanisms. 



US 9,267,934 B2 
7 

The effect of CXCL12 in restricting the gemcitabine-induced 
toxicity of pancreatic cancer cells and activation of Survival 
signaling pathways was investigated. Furthermore, the thera 
peutic significance of a CXCR4 antagonist, AMD3100, in 
preventing the rescue effect of activated CXCL12-CXCR4 
signaling was examined. The data demonstrated that 
CXCL12 induces a series of signaling events in pancreatic 
cancer cells and counteracts the cytotoxic effects of gemcit 
abine. In addition, the data shows that AMD3100 can abro 
gate the survival effect of CXCL12-CXCR4 signaling and 
can serve as a therapeutic modality either alone or in combi 
nation with Gemcitabine to effectively inhibit the growth of 
pancreatic cancer cells. 
Methods of Treatment 
Some embodiments provided herein relate to methods for 

reducing the resistance of a tumor cell to chemotherapy. More 
embodiments provided herein relate to increasing the sensi 
tivity of a tumor cell to a chemotherapeutic compound. More 
embodiments provided herein relate to methods for reducing 
growth of a tumor cell. More embodiments provided herein 
relate to methods of ameliorating cancer in a Subject. 

In some embodiments, the tumor cell comprises a mam 
malian cell. In some embodiments, the tumor cell comprises 
a human cell. In some embodiments, the tumor cell comprises 
a pancreatic cell. In some embodiments, the tumor cell com 
prises a cell selected from a pancreatic tumor cell line, such as 
CFPAC-1, ASPc-1, SW 1990, Colo-357, MiaPaca, Panc1, 
Panc02.37, Panc10.05, BxPC3, Panc02.03, HPAF-II, and 
CaPan-1. 
Some of the foregoing methods can include inhibiting 

CXCL12, such as contacting a cell with a CXCL12 inhibitor. 
In some embodiments, inhibiting CXCL12 can include con 
tacting a tumor cell with an effective amount of a CXCR4 
antagonist. In some embodiments, the tumor cell is contacted 
with the CXCR4 antagonist in vitro. In some embodiments, 
the tumor cell is contacted with the CXCR4 antagonist ex 
vivo or in vivo. Examples of CXCR4 antagonists Plerixafor 
(AMD3100), BKT140, TN14003, CTCE-9908, KRH-2731, 
TC14012, KRH-3955, and AMD070. In particular embodi 
ments, the antagonist comprises Plerixafor (AMD3100). 

In some embodiments, inhibiting CXCL12 can include 
reducing the level of expression of a nucleic acid encoding 
CXCR4. Methods to reduce the level of expression of a 
nucleic acid in a cell are well known in the art some of which 
are described herein, such as RNA interference or antisense 
technologies. Examples of methods for reducing the level of 
expression of a nucleic acid in a cell include contacting a cell 
with an effective amount of a nucleic acid such as an antisense 
RNA, a siRNA, or a ribozyme. In some embodiments, the 
tumor cell is contacted with the CXCL12 inhibitor in vitro. In 
some embodiments, the tumor cell is contacted with the 
CXCL12 inhibitor in vivo. 

In some embodiments, increasing the sensitivity of a tumor 
cell to a chemotherapeutic compound can include contacting 
the cell with an effective amount of a CXCL12 inhibitor and 
an effective amount of a chemotherapeutic agent. In some 
embodiments, the effective amount of the chemotherapeutic 
compound is less than the effective amount of the chemo 
therapeutic compound in the absence of the CXCL 12 inhibi 
tor by at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, 100%, or more. In some embodiments, the effec 
tive amount of the CXCL12 inhibitor is an amount which 
significantly reduces the IC50 of the chemotherapeutic com 
pound. In some such embodiments, the IC50 of the chemo 
therapeutic agent is reduced by at least about 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, 100%, or more. 
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8 
In Some embodiments, decreasing the resistance of a tumor 

cell to a chemotherapeutic compound can include contacting 
the cell with an effective amount of a CXCL12 inhibitor and 
an effective amount of a chemotherapeutic agent. In some 
embodiments, the effective amount of the chemotherapeutic 
compound is less than the effective amount of the chemo 
therapeutic compound in the absence of the CXCL 12 inhibi 
tor by at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 
80%, 90%, 100%, or more. In some embodiments, the effec 
tive amount of the CXCL12 inhibitor is an amount which 
significantly reduces the IC50 of the chemotherapeutic com 
pound. In some such embodiments, the IC50 of the chemo 
therapeutic agent is reduced by at least about 10%, 20%, 30%, 
40%, 50%, 60%, 70%, 80%, 90%, 100%, or more. 

In some embodiments, increasing the cytotoxicity of a 
chemotherapeutic compound to a tumor cell can include con 
tacting the cell with an effective amount of a CXCL 12 inhibi 
tor and an effective amount of a chemotherapeutic agent. In 
some embodiments, the effective amount of the chemothera 
peutic compound is less than the effective amount of the 
chemotherapeutic compound in the absence of the CXCL12 
inhibitor by at least about 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, 100%, or more. In some embodiments, the 
effective amount of the CXCL12 inhibitor is an amount 
which significantly reduces the IC50 of the chemotherapeutic 
compound. In some such embodiments, the IC50 of the che 
motherapeutic agent is reduced by at least about 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or more. 

Contacting a cell with a CXCL 12 inhibitor in combination 
with a chemotherapeutic agent can include contacting the cell 
with the CXCL12 inhibitor and the chemotherapeutic agent at 
the same time, at different times, and at overlapping time 
periods. The cell inhibitor may be contacted with the 
CXCL12 inhibitor before, after, or during the period of time 
the cell is contacted with the chemotherapeutic agent. In some 
embodiments, contacting the cell with the chemotherapeutic 
agent commences before contacting the cell with the 
CXCL12 inhibitor. In some embodiments, contacting the cell 
with the chemotherapeutic agent is before contacting the cell 
with the CXCL12 inhibitor. In some embodiments, contact 
ing the cell with the CXCL 12 inhibitor commences before 
contacting the cell with the chemotherapeutic agent. In some 
embodiments, contacting the cell with the CXCL 12 inhibitor 
is before contacting the cell with the chemotherapeutic agent. 

In some embodiments, the time period between contacting 
the cell with the chemotherapeutic agent and contacting the 
cell with the CXCL12 inhibitor is less than or more than about 
5 minutes, 10 minutes, 20 minutes, 30 minutes, 40 minutes, 
50 minutes, or 60 minutes. In some embodiments, the period 
of time between contacting the cell with the chemotherapeu 
tic agent and contacting the cell with the CXCL12 inhibitor is 
less than or more than about 1 hour, 2 hours, 3 hours, 4 hours, 
5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 hours, 
or 12 hours. In some embodiments, the period of time 
between contacting the cell with the chemotherapeutic agent 
and contacting the cell with the CXCL12 inhibitor is less than 
or more than about 12 hour, 24 hours, 36 hours, or 48 hours. 
Some embodiments include methods of ameliorating can 

cer in a subject. Some such embodiments include administer 
ing an effective amounta CXCL12 inhibitor and an effective 
amount of the chemotherapeutic compound to the Subject, 
wherein the effective amount of the chemotherapeutic com 
pound is significantly less than the effective amount of the 
chemotherapeutic compound in the absence of the CXCL12 
inhibitor. Some embodiments include methods for reducing 
the dosage of a chemotherapeutic agent needed to treat a 
cancer in a Subject. Some such embodiments include admin 
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istering an effective amounta CXCL12 inhibitor and an effec 
tive amount of the chemotherapeutic compound to the Sub 
ject, wherein the effective amount of the chemotherapeutic 
compound is significantly less than the effective amount of 
the chemotherapeutic compound in the absence of CXCL12 
inhibitor. More embodiments include decreasing the resis 
tance of a cancer in a subject to a chemotherapeutic com 
pound. More embodiments include increasing the sensitivity 
of a cancer in a Subject to a chemotherapeutic compound. 
Some Such embodiments include administering an effective 
amounta CXCL12 inhibitor and an effective amount of the 
chemotherapeutic compound to the Subject, wherein the 
effective amount of the chemotherapeutic compound is sig 
nificantly less than the effective amount of the chemothera 
peutic compound in the absence of the CXCL12 inhibitor. In 

particular embodiments, the cancer comprises a pancreatic 
cancer. In some embodiments, the chemotherapeutic com 
pound comprises gemcitabine. In some embodiments the 
chemotherapeutic compound comprises gemcitabine and 
Erlotinib. 
CXCL12 Inhibitors 

In some embodiments a CXCL12 inhibitor comprises a 
CXCR4 antagonist. Examples of CXCR4 antagonists 
include: 

Plerixafor (AMD3100; Mozobil), the structure of which is: 

r N r NH 
HN r N r 
l- NH l- NH 

BKT140 (4F-benzoyl-TN14003: 4F-benzoyl-Arg-Arg 
Nal-Cys-Tyr-Cit-Lys-DLys-Pro-Tyr-Arg-Cit-Cys-Arg-NH; 
(SEQID NO: 01) and those CXCR4 antagonists described in 
U.S. Pub. No. 20100184694, and U.S. Pat. No. 7,423,007, the 
contents of which are hereby incorporated by reference in 
their entireties. 
TN14003 (H-Arg-Arg-Nal-Cys-Tyr-Cit-Lys-DLys-Pro 

Tyr-Arg-Cit-Cys-Arg-OH, SEQID NO:06: Tamamura et al., 
2004, FEBS Lett., 569;99; and Liang et al., 2004, Cancer 
Res., 64:4302, the contents of which are hereby incorporated 
by reference in their entireties). 
CTCE-9908 (peptide antagonist of CXCR4 (amino acid 

sequence: KGVSLSYR-X-RYSLSVGK, SEQ ID NO:07: 
Chemokine Therapeutics Corp., Vancouver, Canada), and 
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10 
those CXCR4 antagonists described in WO 01/76615, WO 
01/85196 and U.S. Pub. No. 20070160574, the contents of 
which are hereby incorporated by reference in their entireties. 
KRH-2731 (CS-3955) and those CXCR4 antagonists 

described in WO/2006095542 and WO/02094261, the con 
tents of which are hereby incorporated by reference in their 
entireties. 
TC14012 (Arg-Arg-Nal-Cys-Tyr-Arg-Lys-DCit-Pro-Tyr 

Arg-Cit-Cys-Arg-NH. (SEQ ID NO: 02), where Nal=L-3- 
(2-naphthylalanine), Cit-citruline and the peptide is cyclized 
with the cysteines) and those CXCR4 antagonists described 
in U.S. Pub. No. 20100184694 and U.S. Pub. No. 
20100222256, the contents of which are hereby incorporated 
by reference in their entireties. 

KRH-3955, the structure of which is: 

(Murakami T. et al., Antimicrobial Agents and Chemo 
therapy, 53:2940–2948, the contents of which is hereby incor 
porated by reference in its entirety). 
AMD070 (also known as AMD11070), the structure of 

which is: 

21 

N N 

N NH2. 

In addition to CXCR4 antagonists, some CXCL 12 inhibi 
tors include compounds that reduce the levels of CXCR4 
protein or a nucleic acid encoding CXCR4 or CXCL 12 pro 
tein or a nucleic acid encoding CXC112. Examples of meth 
ods for reducing the levels of CXCR4 protein or a nucleic acid 
encoding CXCR4 or CXCL 12 protein or a nucleic acid 
encoding CXC112 include RNA interference or antisense 
technologies. 

In some embodiments, the levels of CXCR4 protein or a 
nucleic acid encoding CXCR4 or CXCL12 protein or a 
nucleic acid encoding CXC112 can be reduced using RNA 
interference or antisense technologies. RNA interference is 
an efficient process whereby double-stranded RNA (dsRNA), 
also referred to hereinas siRNAs (small interfering RNAs) or 
ds siRNAs (double-stranded small interfering RNAs), 
induces the sequence-specific degradation of targeted mRNA 
in animal or plant cells (Hutvagner, G. et al. (2002) Curr. 
Opin. Genet. Dev. 12:225-232); Sharp, P. A. (2001) Genes 
Dev. 15:485-490, incorporated by reference herein in its 
entirety). 

In mammalian cells, RNA interference can be triggered by 
various molecules, including 21-nucleotide duplexes of 
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siRNA (Chiu, Y.-L. et al. (2002) Mol. Cell. 10:549-561. 
Clackson, T. et al. (1991) Nature 352:624–628.: Elbashir, S. 
M. et al. (2001) Nature 411:494-498), or by micro-RNAs 
(miRNA), functional small-hairpin RNA (shRNA), or other 
dsRNAs which can be expressed in vivo using DNA tem 
plates with RNA polymerase III promoters (Zheng, B. J. 
(2004) Antivir. Ther. 9:365-374; Paddison, P. J. et al. (2002) 
Genes Dev. 16:948-958; Lee, N. S. et al. (2002) Nature Bio 
technol. 20:500-505; Paul, C. P. et al. (2002) Nature Biotech 
nol. 20:505-508; Tuschl, T. (2002) Nature Biotechnol. 
20:446-448;Yu, J.-Y. etal. (2002) Proc. Natl. Acad. Sci. USA 
99(9):6047-6052; McManus, M.T. et al. (2002) RNA 8:842 
850; Sui, G. et al. (2002) Proc. Natl. Acad. Sci. USA99(6): 
5515-5520, each of which are incorporated herein by refer 
ence in their entirety). The scientific literature is replete with 
reports of endogenous and exogenous gene expression silenc 
ing using siRNA, highlighting their therapeutic potential 
(Gupta, S. et al. (2004) PNAS 101:1927-1932; Takaku, H. 
(2004) Antivir Chem. Chemother 15:57-65; Pardridge, W. M. 
(2004) Expert Opin. Biol. Ther. 4(7): 1103-1113: Shen, W.-G. 
(2004) Chin. Med. J. (Engl) 117:1084-1091: Fuchs, U. et al. 
(2004) Curr. Mol. Med. 4:507-517; Wadhwa, R. et al. (2004) 
Mutat. Res. 567:71-84: Ichim, T. E. et al. (2004) Am. J. 
Transplant 4:1227-1236; Jana, S. et al. (2004) Appl. Micro 
biol. Biotechnol. 65:649-657; Ryther, R. C. C. et al. (2005) 
Gene Ther. 12:5-11: Chae, S-S. et al. (2004) J. Clin. Invest 
114:1082-1089; de Fougerolles, A. et al. (2005) Methods 
Enzymol. 392:278-296, each of which is incorporated herein 
by reference in its entirety). Some nucleic acid molecules or 
constructs provided herein include dsRNA molecules com 
prising 16-30, for example, 16, 17, 18, 19, 20, 21, 22, 23, 24. 
25, 26, 27, 28, 29, or 30 nucleotides in each strand, wherein 
one of the Strands is substantially identical, for example, at 
least 80% (or more, for example, 85%, 90%. 95%, or 100%) 
identical, for example, having 3, 2, 1, or 0 mismatched nucle 
otide(s), to a target region, such as in the mRNA of CXCR4 or 
CXCL12, and the other strand is identical or substantially 
identical to the first Strand. An example method for designing 
dsRNA molecules is provided in the pSUPER RNAi SYS 
TEMTM (OligoEngine, Seattle, Wash.). More example meth 
ods are provided in Taxman D. J. et al. (2006) BMC Biotech 
nol. 6:7; and McIntyre G. J. et al. (2006) BMC Biotechnol. 
6:1, each of which is incorporated by reference in its entirety. 

Synthetic siRNAs can be delivered to cells by methods 
known in the art, including cationic liposome transfection and 
electroporation. siRNAs generally show short term persis 
tence of the silencing effect (4 to 5 days in cultured cells), 
which may be beneficial in certain embodiments. To obtain 
longer term Suppression of expression for targeted genes, 
such as CXCR4 or CXCL12, and to facilitate delivery under 
certain circumstances, one or more siRNA duplexes, for 
example, ds siRNA, can be expressed within cells from 
recombinant DNA constructs. Such methods for expressing 
siRNA duplexes within cells from recombinant DNA con 
structs to allow longer-term target gene Suppression in cells 
are known in the art, including mammalian Pol III promoter 
systems (for example, H1 or U6/snRNA promoter systems 
(Tuschl, T. (2002) Nature Biotechnol. 20:446-448) capable of 
expressing functional double-stranded siRNAs. (Lee, N.S. et 
al. (2002) Nature Biotechnol. 20:500-505; Miyagishi, M. and 
Taira, K. (2002) Nature Biotechnol. 20:497-500; Paul, C. P. et 
al. (2002) Nature Biotechnol. 20:505-508; Yu, J.-Y. et al. 
(2002) Proc. Natl. Acad. Sci. USA99(9):6047-6052; Sui, G. 
et al. (2002) Proc. Natl. Acad. Sci. USA99(6):5515-5520). 

Nucleic acids provided herein can include microRNA 
which can regulate gene expression at the post transcriptional 
or translational level. One common feature of miRNAs is that 
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they are all excised from an approximately 70 nucleotide 
precursor RNA stem-loop, probably by Dicer, an RNase III 
type enzyme, or a homolog thereof. By Substituting the stem 
sequences of the miRNA precursor with miRNA sequence 
complementary to the target mRNA, a vector construct that 
expresses the novel miRNA can be used to produce siRNAs to 
initiate RNAi against specific mRNA targets in mammalian 
cells (Zheng, B. J. (2004) Antivir. Ther. 9:365-374). When 
expressed by DNA vectors containing polymerase III pro 
moters, microRNA designed hairpins can silence gene 
expression, such as OPN expression. 

Viral-mediated delivery mechanisms can also be used to 
induce specific silencing of targeted genes through expres 
sion of siRNA, for example, by generating recombinantaden 
oviruses harboring siRNA under RNA Pol II promoter tran 
scription control (Xia et al. (2002) Nature Biotechnol.20(10): 
1006-10). In vitro infection of cells by such recombinant 
adenoviruses allows for diminished endogenous target gene 
expression. Injection of recombinant adenovirus vectors into 
transgenic mice expressing the target genes of the siRNA 
results in in Vivo reduction of target gene expression. In an 
animal model, whole-embryo electroporation can efficiently 
deliver synthetic siRNA into post-implantation mouse 
embryos (Calegari, F. etal. (2002) Proc. Natl. Acad. Sci. USA 
99(22): 14236-40). In adult mice, efficient delivery of siRNA 
can be accomplished by the “high-pressure delivery tech 
nique, a rapid injection (within 5 seconds) of a large Volume 
of siRNA containing solution into animal via the tail vein 
(Lewis, D. L. (2002) Nature Genetics 32:107-108). Nanopar 
ticles, liposomes and other cationic lipid molecules can also 
be used to deliver siRNA into animals. A gel-based agarose/ 
liposome/siRNA formulation is also available (Jiamg, M. et 
al. (2004) Oligonucleotides 14(4):239-48). 

Nucleic acids provided herein can include an antisense 
nucleic acid sequence selected Such that it is complementary 
to the entirety of CXCR4 or CXCL12, a microRNA, or to a 
portion of CXCR4 or CXCL 12 or a microRNA. In some 
embodiments, a portion can refer to at least about 1%, at least 
about 5%, at least about 10%, at least about 15%, at least 
about 20%, at least about 25%, at least about 30%, at least 
about 35%, at least about 40%, at least about 45%, at least 
about 50%, at least about 55%, at least about 60%, at least 
about 65%, at least about 70%, at least about 75%, and at least 
about 80%, at least about 85%, at least about 90%, at least 
about 95%. In some embodiments, a portion can refer up to 
100%. Examples of human CXCR4 and CXCL12 nucleic 
acid sequences useful with the methods provide herein are 
provided in Table 1 and also for CXCL12 in SEQID NOs: 
08-10, and for CXCR4 in SEQ ID NO.11. 

TABLE 1. 

Human CXCR4 mRNA transcript variant 1; 
Accession No. NM_001008540 (SEQ ID NO: 03) 

1 tittttitt to t t cc ct ctagt gggcggggca gaggagittag 
c caagatgtg actittgaaac 

61 cct cagogtic ticagtgc cct tttgttctaa acaaagaatt 
ttgtaattgg ttctaccaaa 

121 gaaggatata atgaagt cac tatgggaaaa gatggggagg 
agagttgtag gattctacat 

181 taattct citt gtgcc ct tag cccact actt cagaattitcc 
tgaagaaagc aag cctgaat 

241 tggittttitta aattgctitta aaaattittitt tta actgggit 
taatgcttgc tigaattggaa 
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TABLE 1 - continued 

44 accc.cct colt gaa.gc.cacag cagggitttca ggttccaatc 
agaactgttg gCaaggtgac 

SO atttic catgc ataaatgcga t c cacagaag gtCctggtgg 
tatttgtaac tttittgcaa.g 

56 gcatttittitt atatatattt ttgtgcacat tttitttittac 
gtttctt tag aaaacaaatg 

62 tatttcaaaa tatatttata gtcqaacaat tcatatattt 
gaagtggagc catatgaatg 

68 toagtag titt at actitct ct attat ct caa act actggca 
atttgtaaag aaatatatat 

74 gatatataaa tdtgattgca gotttitcaat gttagocaca 
gtg tatttitt to acttgtac 

8O taaaattgta toaaatgtga cattatatgc actagdaata 
aaatgctaat tdttt catgg 

86 tataaacgt.c ctact.gitatg tdggaattta tttacctgaa 
ataaaattica ttagttgtta 

92 gtgatggagc titaaaaaaaa 

Identifying Therapeutic Compounds 
Some embodiments provided herein relate to methods for 

identifying therapeutic compounds. Some such embodiments 
for identifying therapeutic compounds which may be used to 
treat tumors, such as pancreatic tumors, can include contact 
ing a target cell with a test compound and a CXCR4 agonist. 
Examples of CXCR4 agonists include CXCL12, SDF-1C. 
(Sigma-Aldrich, St. Louis, Mo., USA), CTCE-0214 (peptide 
agonist of CXCR4; amino acid sequence: KPVSLSYRAP 
FRFF-Linker-LKWIQEYLEKALN (SEQ ID NO:05): 
Chemokine Therapeutics Corp., Vancouver, Canada), CTCE 
0021, and ATI-2341 (Faber, A., et al., J Biomed Biotechnol. 
2007: 2007: 26065; Tudan, C., et al., J Med Chem. 2002 May 
9: 45(10):2024-31; Pelus, L. M., et al., Exp Hematol. 2005 
March;33(3):295-307: Tchernychev, B. et al., Proc Natl Acad 
Sci USA. 2010 Dec. 21; 107(51):22255-9). The target cell can 
be contacted with the test compound and CXCR4 agonist 
simultaneously, at overlapping periods of time, or at different 
periods of time. In some embodiments, a target cell is con 
tacted with the CXCR4 agonist prior to contacting the target 
cell with the test compound. In some embodiments, a target 
cell is contacted with the CXCR4 agonist during contacting 
the target cell with the test compound. In some embodiments, 
a target cell is contacted with the CXCR4 agonist prior to and 
during contacting the target cell with the test compound. 
Some embodiments also include determining whether the test 
compound significantly changes the level of expression or 
activity of a protein or a nucleic acid encoding a protein in the 
target cell. In some embodiments, the protein or nucleic acid 
encoding a protein is a protein or a nucleic acid encoding a 
protein whose level is changed by activation of CXCR4 by the 
CXCR4 agonist. In other words, the level or activity of the 
protein or nucleic acid encoding a protein is increased or 
decreased on contacting a cell with the CXCR4 agonist com 
pared to the level or activity of the protein or nucleic acid 
encoding a protein in a cell not contacted with the CXCR4 
agonist. In some embodiments, the level or activity of the 
protein or nucleic acid encoding the protein is increased or 
decreased by at least about 5%, 10%, 15%, 20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 85%, 90%, 
95%, 100%, or more. Examples of proteins and nucleic acids 
encoding proteins whose levels are changed by activation of 
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CXCR4 include FAK, Akt, ERK, O-catenin, NF-kB, Bcl-2, 
Bcl-XL, Notch1, phosphorylated BAD, and SHH. 
Some embodiments also include comparing the level or 

activity of the protein or a nucleic acid encoding a protein in 
a target cell contacted with a CXCR4 agonist and the test 
compound, to the level or activity of the protein or a nucleic 
acid encoding the protein in a target cell contacted with the 
CXCR4 agonist and not contacted with the test compound. 
Some embodiments also include determining whether the test 
compound decreases or increases the level or activity of the 
protein or a nucleic acid encoding a protein in the target cell. 
A decrease or increase in the level of expression or activity of 
a protein or level of a nucleic acid encoding a protein can be 
indicative that the test compound is a therapeutic compound. 
For example, a test compound that decreases the level of 
expression or activity of a protein or level of a nucleic acid 
encoding a protein whose level or activity is increased by 
activation of CXCR4 can be indicative of a therapeutic com 
pound. Conversely, a test compound that increases the level of 
expression or activity of a protein or level of a nucleic acid 
encoding a protein whose level or activity is decreased by 
activation of CXCR4 can be indicative of a therapeutic com 
pound. For example, compounds which change the level or 
activity of a protein or nucleic acid activated by activation of 
the CXCL12/CXCR4 pathway may be useful in decreasing 
resistance to chemotherapeutic drugs. 

In an example embodiment, a target cell is contacted with 
a test compound and a CXCR4 agonist; the level of expres 
sion or activity of a protein or level of a nucleic acid encoding 
a protein whose level is increased by activation of CXCR4 is 
measured and compared to the level or activity of the protein 
or nucleic acid encoding the protein in a target cell contacted 
with the CXCR4 agonist and not contacted with the test 
compound. Any change in the level or activity of the protein 
or nucleic acid encoding the protein in a target cell is deter 
mined. A decrease in the level of expression or activity of a 
protein or level of a nucleic acid encoding a protein in the 
target cell contacted with a test compound and a CXCR4 
agonist compared to a target cell contacted with the CXCR4 
agonistand not contacted with the test compound is indicative 
that the test compound may be a therapeutic compound. 

In an example embodiment, a target cell is contacted with 
a test compound and a CXCR4 agonist; the level of expres 
sion or activity of a protein or level of a nucleic acid encoding 
a protein whose level is decreased by activation of CXCR4 is 
measured and compared to the level or activity of the protein 
or nucleic acid encoding the protein in a target cell contacted 
with the CXCR4 agonist and not contacted with the test 
compound. Any change in the level or activity of the protein 
or nucleic acid encoding the protein in a target cell is deter 
mined. An increase in the level of expression or activity of a 
protein or level of a nucleic acid encoding a protein in the 
target cell contacted with a test compound and a CXCR4 
agonist compared to a target cell contacted with the CXCR4 
agonistand not contacted with the test compound is indicative 
that the test compound may be a therapeutic compound. 

In some embodiments the target cell comprises a mamma 
lian cell. Such as a human cell. In some embodiments, the 
target cell comprises a pancreatic cell. In some embodiments 
the target cell comprises a tumor cell. In some embodiments, 
the target cell comprises a pancreatic tumor cell. In some 
embodiments, the target cell comprises a cell selected from a 
pancreatic tumor cell line, such as CFPAC-1, ASPc-1, 
SW 1990, Colo-357, MiaPaca, Panc1, Panc02.37, 
Panc10.05, BXPC3, Panc02.03, HPAF-II, and CaPan-1. 

Examples of test compounds and potential therapeutic 
compounds include Small molecules (including but not lim 
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ited to organic chemical compounds which have been 
obtained from natural Sources or synthesized), nucleic acids 
(including but not limited to antisense nucleic acids, 
ribozymes, or siRNAS), peptides and proteins. 

Methods to measure the levels or activities of a protein or a 
nucleic acid in a target cell are well known in the art. 
Examples of methods to measure the levels and activities of 
proteins include Western analysis, various biological assays, 
ELISAs and the like. For example, measurement of protein 
levels may utilize binding agents. There are a variety of assay 
formats known to those of ordinary skill in the art for using a 
binding agent to detect protein markers in a sample. See, for 
example, Harlow and Lane, Antibodies: A Laboratory 
Manual, Cold Spring Harbor Laboratory, 1988. In a preferred 
embodiment, an assay involves the use of binding agent 
immobilized on a solid support to bind to the polypeptide in 
the sample. The bound polypeptide may then be detected 
using a detection reagent that contains a reporter group and 
specifically binds to the binding agent/polypeptide complex. 
Such detection reagents may comprise, for example, a bind 
ing agent that specifically binds to the polypeptide or an 
antibody or other agent that specifically binds to the binding 
agent, Such as an anti-immunoglobulin, protein G, protein A 
or a lectin. In such embodiments, the binding agent can com 
prise an antibody or fragment thereof specific to a particular 
protein. In some embodiments, the assay is a two-antibody 
sandwich assay. This assay may be performed by first con 
tacting an antibody that has been immobilized on a Solid 
support, commonly the well of a microtiter plate, with the 
sample, such that polypeptides within the sample are allowed 
to bind to the immobilized antibody. Unbound sample is then 
removed from the immobilized polypeptide-antibody com 
plexes and a detection reagent (preferably a second antibody 
capable of binding to a different site on the polypeptide) 
containing a reporter group is added. The amount of detection 
reagent that remains bound to the Solid Support is then deter 
mined using a method appropriate for the specific reporter 
group. 

Examples of methods to measure the level of a nucleic acid 
are well known and include Southern analysis, Northern 
analysis, Q-RT-PCR (quantative realtime PCR), and the like. 
For example, techniques for both PCR based assays and 
hybridization assays are well known in the art (see, for 
example, Mullis et al., Cold Spring Harbor Symp. Quant. 
Biol. 51:263, 1987: Erlich ed., PCR Technology, Stockton 
Press, NY, 1989). Methods of real-time quantitative PCR or 
RT-PCR using TaqMan probes are well known in the art and 
are described in for example, Heid et al. 1996, Real time 
quantitative PCR, Genome Res., 10:986-994; and Gibson et 
al., 1996. A novel method for real time quantitative RT-PCR, 
Genome Res. 10:995-1001. 
Kits 
Some embodiments provided herein relate to kits for iden 

tifying a therapeutic agent. Some Such embodiments include 
a CXCL12 inhibitor; and an isolated tumor cell. 

In some embodiments, the CXCL12 inhibitor comprises a 
CXCR4 antagonist. In some embodiments, the CXCR4 
antagonist is selected from the group consisting of Plerixafor 
(AMD3100), BKT140, TN14003, CTCE-9908, KRH-2731, 
TC14012, KRH-3955, and AMD070. In some embodiments, 
the CXCR4 antagonist comprises Plerixafor (AMD3100). 

In some embodiments, the cell comprises a pancreatic cell. 
In some embodiments, the cell is selected from the group 
consisting of CFPAC-1, AsPc-1, SW 1990, Colo-357, Mia 
PaCa, Panc1, Panc02.37, Panc10.05, BXPC3, Panc02.03, 
HPAF-II, and CaPan-1. 
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In some embodiments, the cell comprises a mammalian 

cell. In some embodiments, the cell comprises a human cell. 

EXAMPLES 

Example 1 

CXCL12/CXCR4 Signaling in Pancreatic Cells 

Cell Lines and Culture Conditions 
Human pancreatic cancer cell lines (Colo357, SW 1990, 

AsPc1, BxPc3, CaPanl, HPAF II, CFPACI, Panc1, Mia 
PaCa2, Panc10.05, Panc03.27, Panc02.03) were purchased 
from the American Type Culture Collection (Manassas, Va.). 
The cell lines were maintained in culture as adherent mono 
layer in RPMI-1640 or Dulbecco's Modified Eagle Medium 
(DMEM) (Thermo Scientific, Logan, Utah) supplemented 
with 10% fetal bovine serum (FBS) (Atlanta Biologicals, 
Lawrenceville, Ga.) and 100 uMeach of penicillin and strep 
tomycin (Invitrogen, Carlsbad, Calif.). Cells were grown at 
37°C. with 5% CO, in a humidified atmosphere. 

Reagents and Antibodies 
SuperScriptTM II Reverse Transcriptase and Vybrant MTT 

cell proliferation assay kits were from Invitrogen. Recombi 
nant human CXCL12 and CXCL12 ELISAkit was purchased 
from R&D Systems (Minneapolis, Minn.). AMD3100 
octahydrochloride and anti-B-actin mouse monoclonal anti 
body were purchased from Sigma-Aldrich (St. Louis Mo.). 
Gemcitabine was provided by USAMCI pharmacy. Phos 
phatase and protease inhibitors and FuGENE transfection 
reagent were from Roche Diagnostics (Mannheim, Ger 
many). Antibody against CXCR4 (rabbit polyclonal) was 
from Abcam (Cambridge, Mass.). Anti-Akt. -pAkt and 
-pFAK (rabbit monoclonal) antibodies were from Epitomics 
(Burlingame, Calif.). Antibodies for ERK1/2 (rabbit mono 
clonal), pFRKllZ (mouse monoclonal), Bcl-2 (rabbit poly 
clonal), BAD (rabbit monoclonal), pBAD (rabbit poly 
clonal), Bcl-XL (rabbit monoclonal), FAK (rabbit 
polyclonal), and Survivin(rabbit monoclonal) were from Cell 
Signaling Technologies (Beverly, Mass.). The Notch1 (goat 
polyclonal) and secondary horseradish peroxidase-conju 
gated anti-rabbit, anti-mouse and antigoat antibodies were 
purchased from Santa Cruz, Biotechnology (Santa Cruz, 
Calif.). DNAZol reagent was from Molecular Research (Cin 
cinnati, Ohio). CaspACE FITC-VAD-FMK and Dual 
Luciferase Assay System kit were from Promega (Madison, 
Wis.). ECL Plus Western Blotting detection kit was from 
Thermo Scientific (Logan, Utah). LY294.002 and PD98059 
(PI3K and MEK1 inhibitors, respectively) were purchased 
from Cell Signaling Technology. TOPflash or FOPflash 
reporter plasmids were kindly provided by Dr. R. Samant, 
USAMCI, and pGL4.32 luc2P/NF-kB-RE/Hygro reporter 
plasmid was purchased from Promega. 

Western Blot Analysis 
Cells were processed for protein extraction and western 

blotting using standard procedures. Briefly, cells were 
washed twice with PBS and scraped into NP-40 lysis buffer 
containing protease and phosphotase inhibitors. Cell lysates 
were passed through a needle Syringe to facilitate the disrup 
tion of the cell membranes and were centrifuged at 14,000 
rpm for 20 min at 4° C., and supernatants were collected. 
Proteins (10-50 g) were resolved by electrophoresis on 10% 
SDS-PAGE, transferred onto polyvinylidene difluoride 
(PVDF) membrane and subjected to standard immunodetec 
tion procedure using specific antibodies: AKT, p.AKT ERK1/ 
2, pFRK1/2, Bcl-2, Bcl-XL, FAk, pFAk. Survivin, B-catenin 
and BAD (1:1000), pBAD (1:500), Notch-1 (1:200) and B-ac 
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tin (1:20000). All secondary antibodies were used at 1:2500 
dilutions. Blots were processed with ECL Plus Western Blot 
ting detection kit and the signal detected using an LAS-3000 
image analyzer (Fuji Photo Film Co., Tokyo, Japan). 

Enzyme-LinkedImmunosorbent Assay (ELISA) 
Cells (1x10) were seeded in six-well plate containing 

growth medium supplemented with FBS and cultured over 
night. After 24 h, growth media was removed, and cells con 
ditioned in serum free medium for next 72 hours. The culture 
media were then collected, centrifuged at 1500 rpm for 5 min 
to remove particles, and supernatants frozen at -80°C. until 
use. CXCL12 was measured using an ELISA kit according to 
the manufacturers instructions. 
LEF/TCF and NF-kB Transcriptional Activity Assays 
To measure the LEF/TCF and NF-kB transcriptional activ 

ity, pancreatic cancer cells (1x10) were seeded in 12-well 
plates. After 24 h incubation, cells were transiently trans 
fected with the luciferase promoter-reporter constructs (TOP 
flash, FOPflash or pGL4.32 luc2P/NF-kB-RE/Hygro D. 
TOPflash reporter plasmid contains three copies of the Tcf/ 
Lefsites upstream of a thymidine kinase (TK) promoter and 
the Firefly luciferase gene, while in FOPflash, Tcf/Lef sites 
are mutated and therefore it serves as a control for measuring 
nonspecific activation of the reporter. Cells were also co 
transfected with a reporter plasmid, containing Renilla reni 
formis luciferase gene downstream of the TK promoter, to 
control for the transfection efficiency. All transfections were 
performed using FuGene as a transfection reagent according 
to the manufacturers’ recommendations. Cells were treated 
with CXCL12 (100 ng) 24 h post TOPflash/FOPflash or 
pGLA.32 luc2P/NF-kB-RE/Hygro transfection, and after 
the next 24h, total protein was isolated in passive lysis buffer. 
Luciferase activity was measured using the Dual Luciferase 
Assay System. All experiments were done in triplicate and 
relative luciferase activity reported as the fold induction after 
normalization for transfection efficiency. 

Cell Viability Assay 
Panc1 and MiaPaca cells were seeded in 96-wells plate at 

a density of 5000 cells/well, followed by next day treatment 
with increasing concentration of gemcitabine (0-10 uM) in 
presence or absence of CXCL12 (100 ng/mL). After 72 h of 
treatment, cell growth was determined by using Vybrant MIT 
cell proliferation assay. Growth was calculated as percent 
(%)={(A/B)-1}x100), where A and B are the absorbance of 
treatment and control cells, respectively. To examine the 
effect of CXCR4 targeting, cells were pre-incubated with 
small molecule CXCR4 antagonist, AMD3100 (5ug/mL), for 
1 h. To delineate the role of Akt and ERK pathways, cells were 
pretreated for 1 h with LY294.002 (20 uM) and PD98059 (25 
uM), respectively. 
DNA Fragmentation Assay 
Panc1 and MiaPaca cells were cultured in 10% DMEM 

with and without gemcitabine (5 and 10 uM) and CXCL12 
(100 ng/mL) for 48 h. Cells were washed twice with phos 
phate buffer saline (PBS) and DNA was extracted using 
DNAZol reagent. 2 ug of isolated DNA was resolved on 1.0% 
agarose gel containing ethidium-bromide (EtBr) and 
observed under a LAS-3000 image analyzer (Fuji Photo Film 
Co.). 

Measurement of Apoptosis In Situ 
Panc1 and MiaPaca cells were cultured on chamber slides 

and treated with gemcitabine and/or CXCL12 as described 
previously. Apoptosis was detected by staining the cells with 
CaspACE FITC-VAD-FMK solution in PBS for 2 hat 37° C. 
CaspACETMFITC-VAD-FMK In Situ Marker is a fluorescent 
analog of the pan-caspase inhibitor Z-VAD-FMK (carboben 
Zoxy-valyl-alanylaspartyl-O-methyl-fluoromethylketone), 
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which irreversibly binds to activated caspases and is a Surro 
gate for caspase activity in situ. Following staining with 
CaspACE FITC-V AD-FMK, cells were fixed with 4% 
paraformaldehyde at room temperature and washed with 
PBS. The bound fluorescent marker was detected under a 
Nikon Eclipse TE2000-U fluorescent microscope (Nikon 
Instruments Inc, Melville, N.Y.). 

Statistical Analysis 
Each experiment was performed at least three times and all 

the values were expressed as meant-SD. The differences 
between the groups were compared using student's t-tests. A 
p value of equal or less than 0.05 was considered statistically 
significant. 
Results 
Expression of CXCR4 and CXCL 12 in Pancreatic Cancer 
Cells and their Growth Responsiveness to CXCL 12 Stimula 
tion 
CXCR4 is overexpressed in pancreatic tumor tissues and 

premalignant lesions (Marechal et al., 2009: Thomas et al., 
2008). In addition, CXCR4 is also expressed by the pancre 
atic cancer stem cells (Hermann et al., 2007). The expression 
of CXCR4 and its ligand CXCL 12 by immunoblot and 
enzyme-linked immunosorbant assay were examined, 
respectively, in a panel of twelve pancreatic cancer cell lines. 
The data showed that all pancreatic cancer cell lines exam 
ined express CXCR4 and low levels of CXCL12 (13–230 
pg/mL/10° cells) (FIG. 1A and FIG. 1B). Growth responsive 
ness of pancreatic cancer cells to CXCL12 stimulation in two 
poorly differentiated pancreatic cancer cell lines, MiaPaca 
and Panc1 was also tested. The cells were treated with 
CXCL12 in serum-free and serum containing culture media. 
In absence of serum growth factors, CXCL 12 stimulation led 
to the 29-33% induction of growth in pancreatic cancer cells, 
while a moderate increase (11-13%) were observed in pres 
ence of serum growth factors (FIG. 1C). These findings sug 
gest that CXCL12-CXCR4 signaling is active in pancreatic 
cancer cells and can impact tumor cell growth. 
CXCR4 Activation Rescues Pancreatic Cancer Cells from 
Gemcitabine-Induced Cytotoxicity 

Although the data indicated minimal expression of 
CXCL12 by pancreatic cancer cells (FIG.1B), it is reported to 
be expressed at high levels by stromal cells and at sites of 
pancreatic cancer metastasis (Matsuo et al., 2009; Saur et al., 
2005; Mori et al., 2004). Therefore, CXCL12-CXCR4 sig 
naling might act in paracrine manner to influence pancreatic 
tumor growth and other malignant properties. In view of the 
fact that pancreatic cancer cells are highly resistant to che 
motherapy, and gemcitabine is only minimally effective 
against this malignancy, the role of CXCL12-CXCR4 signal 
ing axis in pancreatic cancer chemo-resistance was investi 
gated. Pancreatic cancer cells (Panc1 and MiaPaca) were 
treated with various doses of gemcitabine (0-10 uM) in the 
presence and absence of CXCL12 (100 ng/mL) in serum 
containing media. The data shows that CXCL 12 treatment 
induced significant resistance (p<0.05) to gerncitabine-cyto 
toxicity in both pancreatic cancer cell lines tested (FIG. 2A 
and FIG. 2B). At 5.0 uM gemcitabine, 52.3% and 50.7% 
cytotoxicity was observed in Panc1 and MiaPaca cells, 
respectively, as compared to untreated cells. In contrast, only 
27.1% and 20.5% gemcitabine cytotoxicity, respectively, was 
reported in cells co-treated with CXCL12, indicating a sig 
nificant Survival advantage. 
To examine whether CXCL12-induced chemo-resistance 

was due to its antiapoptotic effects on pancreatic cancer cells, 
DNA fragmentation and caspase activity was analyzed. The 
data demonstrate that CXCL12-treated cells have reduced 
DNA fragmentation (FIG. 3A) and enhanced activity of 
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caspases (FIG. 3B) compared to cells treated with gemcitab 
ine alone. These findings strongly suggest that CXCL 12 treat 
ment prevents apoptosis of pancreatic cancer cells by gem 
citabine and suggest the implication of CXCL12-elicited 
Survival pathways. 5 
CXCL12 Treatment Leads to FAK, Akt and ERKActivation 

In next set of experiments, the potential Survival signaling 
pathways that might mediate the CXCL12-elicited chemo 
resistance were examined. Because G-protein-coupled recep 
tors transducer signals via diverse signaling pathways includ- 10 
ing activation of focal adhesion kinase (FAK). PI3K/Akt and 
ERK (Rozengurt, 2007), the activation of these signaling 
molecules in response to CXCL12-treatment was investi 
gated. Pancreatic cancer cells (Panc 1 and MiaPaca) were 
briefly treated with CXCL12 (5-30 min) and activation of 15 
FAK, Akt and ERK was examined by immuno-probing of 
total protein with phospho-form specific antibodies. The data 
revealed significantactivation of all the three effector proteins 
in response to CXCL12 treatment (FIG. 4). Both Akt and 
ERK have been shown to promote survival by phosphorylat- 20 
ing BAD (a proapoptotic member of the Bcl-2 family) and 
thereby controlling its association with Bcl-XL or Bcl-2 (anti 
apoptotic members of the family) (Sheridan et al., 2008: 
Scheid and Duronio, 1998; Datta et al., 1997). Therefore, the 
change in BAD phosphorylation in CXCL12-treated pancre- 25 
atic cancer cells was examined. The data showed an increased 
level of phospho-BAD in both Panel and MiaPaca cell lines 
treated with CXCL12 (FIG. 4) suggesting that it could be one 
of the mechanisms by which CXCL12-CXCR4 signaling axis 
protects the pancreatic cancer cells from apoptosis. 30 
Enhanced Transcriptional Activities of B-Catenin and NF-kB 
and Induction of Survival Proteins by CXCL12 Treatment of 
Pancreatic Cancer Cells 

In addition to directly influencing apoptotic signaling via 
BAD phosphorylation, both Akt and ERK can have indirect 35 
impacts on cell survival. The indirect routes involve the acti 
vation off-catenin and NF-kB that can elicit the expression 
of survival proteins. Therefore, the transcriptional activities 
of B-catenin and NF-kB responsive promoters after CXCL12 
treatment in pancreatic cancer cells were examined. 40 
Luciferase reporter assays indicated modest induction of 
transcriptional activity of B-catenin 2.05 fold (Panc1) and 
1.92 fold (MiaPaca) and NF-kB responsive promoter 2.98 
fold (Panc1) and 2.26 fold (MiaPaca) in CXCL12-treated 
cells (FIG. 5A). As activation of B-catenin and NF-kB may 45 
culminate in the induction of important Survival genes, the 
expression of target pro-Survival and anti-apoptotic proteins 
were examined. The data showed that the expression of Bcl-2. 
Bcl-XL, Notch-1 and survivin proteins was significantly 
induced in response to CXCL 12 treatment of pancreatic can- 50 
cer cells (FIG. 5B). These results suggest that the upregula 
tion of key Survival proteins may be another mechanism by 
which CXCL12-CXCR4 signaling axis protects the pancre 
atic cancer cells from gemcitabine induced apoptotic cell 
death. 55 
Small Molecule CXCR4 Antagonist, AMD3100, Abrogates 
CXCL12-Induced Growth and Gemcitabine-Resistance in 
Pancreatic Cancer Cells 

Having observed a role of CXCR4 activation in gemcitab 
ine-resistance and potentiation of Survival pathways, whether 60 
the small molecule CXCR4 antagonist, AMD3100, could 
diminish CXCL12-induced chemo-resistance in pancreatic 
cancer cells was investigated. In addition, pharmacological 
inhibitors of Akt (LY294.002) and ERK (PD98059) signaling 
pathways were utilized, to delineate their role in the 65 
CXCL12-induced anti-apoptotic response. Pancreatic cancer 
cells were treated for 1 h with AMD3100, LY294.002, and 

22 
PD98059 prior to treatment with CXCL12 alone or in com 
bination with gemcitabine. Pre-treatment with AMD3100 
abolished the CXCL12-induced cell signaling, growth pro 
motion and chemo-resistance of pancreatic cancer cells (FIG. 
6A and FIG. 6B). While both the inhibition of Akt and ERK 
pathways had a significant negative impact on CXCL12 
induced chemoresistance, a more potent effect of blockade of 
Akt signaling was observed (FIG. 6B). These findings indi 
cate that CXCL12-mediated survival response is signaled 
through the CXCR4 and mediated via the activation of Akt 
and ERK signaling pathways. This is particularly important 
considering the expression of a novel CXCL 12 receptor, 
CXCR7, in pancreatic cancer cells at least at the transcript 
level (data not shown). 

DISCUSSION 

Pancreatic cancer, in most cases, is diagnosed late, when it 
has already advanced locally or metastasized to distant sites 
(Singh et al., 2004). Under this scenario, chemotherapy is the 
only treatment option. However, resistance to chemotherapy 
is a major clinical problem in pancreatic cancer and gemcit 
abine, the only FDA approved drug for pancreatic cancer 
therapy improves the patients’ survival by only two weeks 
(Olive et al., 2009). Therefore, understanding the mecha 
nisms of drug-resistance in pancreatic cancer is a major focus 
in pancreatic cancer research to facilitate the development of 
novel therapeutic approaches or improve current therapy. 
Chemokine signaling has long been implicated in cancer 
progression and metastasis through autocrine or paracrine 
mechanisms (Singh et al., 2007). Importantly, in previous 
studies, a chemokine receptor, CXCR4, was shown to be 
overexpressed in pancreatic cancer tissues and cancer stem 
cells (Marechal et al., 2009: Thomas et al., 2008; Hermannet 
al., 2007) and has been shown to potentiate pancreatic cancer 
growth and invasion (Marchesi et al., 2004: Mori et al., 2004: 
Hermann et al., 2007). Another aspect of this signaling node 
in protecting pancreatic cancer cells from chemotherapeutic 
drug-induced apoptosis was investigated. All the pancreatic 
cancer cell lines tested expressed CXCR4, but low levels of 
CXCL12. Nonetheless, significant protection of pancreatic 
cancer cells from gemcitabine toxicity was observed upon 
co-treatment with exogenous CXCL 12 indicating a role for 
CXCL12-CXCR4 signaling axis in pancreatic cancer chemo 
resistance. As CXCL12 is abundantly expressed by stromal 
cells (Matsuo et al., 2009), this could be an exemplary 
example for the role of tumor microenvironment interaction 
in modulating the therapeutic response. To gain an insight 
into the mechanistic basis for the protective effects, the acti 
Vation of downstream signaling pathways was examined. 
Consistent with previous reports (Lu et al., 2009; Shen et al., 
2010: Glodeket al., 2007), CXCL12 induced the activation of 
FAK, Akt and ERK. In a recent study, activation of FAK by 
extracellular matrix (ECM)-integrin signaling was shown to 
promote the chemoresistance of pancreatic cancer cells (Hua 
nwen et al., 2009). Akt and ERK have also been shown to 
promote survival signaling (Middleton et al., 2008), and con 
stitutive or induced activation of ERK and Akt pathways has 
been previously associated with chemo-resistant behavior of 
pancreatic cancer cells (Zhao et al., 2006; Yokoi and Fidler, 
2004). In fact, FAK associated chemo-resistance of pancre 
atic cancer cells was shown to be mediated, in part, by the 
activation of PI3KJAkt pathway (Huanwen et al., 2009). 

Both Akt and ERK can transduce survival signals directly 
or indirectly. In direct course, Akt and ERK have been shown 
to phosphorylate BAD, a pro-apoptotic member of the Bcl-2 
family (Sheridan et al., 2008: Scheid and Duronio, 1998: 
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Datta et al., 1997). Phosphorylation prevents BAD from bind 
ing either Bcl-2 or Bcl-XL and thus Suppresses apoptosis. In 
the indirect route, induction of Survival protein expression 
occurs via activation of B-catenin and NF-kB pathways. Acti 
vation of ERK has been shown to promote transactivation of 
B-catenin by phosphorylating C-catenin (Jiet al., 2009). Fur 
thermore, Akt can activate B-catenin by inducing direct phos 
phorylation or by inactivating GSK-3B (Fang et al., 2007: 
Monicket al., 2001; Korkaya et al., 2009). In other reports, 
Akt pathway has been shown to regulate NF-kB, and NF-KB 
was shown to be essential for oncogenic transformation by 
PI3K and Akt (Sizemore et al., 1999; Romashkova and 
Makarov, 1999; Ozes et al., 1999; Madrid et al., 2000). Akt 
induced activation of NF-kB likely occurs via phosphoryla 
tion of IKKC., which then targets the IKB inhibitor protein as 
well as phosphorylates the p65 NF-kB subunit (Ozes et al., 
1999; Madrid et al., 2000; Bai et al., 2009). Consistent with 
these findings, enhanced transcriptional activities of B-cate 
nin and NF-kB responsive promoters and expression of 
downstream targets in CXCL12-treated pancreatic cancer 
cells was observed. Enhanced transcriptional activity of 
B-catenin and NF-KB has been shown to induce epithelial to 
mesenchymal transition (EMT) and in recent studies, EMT 
has been associated with drug-resistant nature of pancreatic 
cancer cells (Li et al., 2009; Wang et al., 2009). In fact, 
relative drug-resistant nature of pancreatic cancer cells has 
been correlated with the mesenchymal phenotype (Shah et 
al., 2007). Other studies have shown that the underlying resis 
tance to apoptosis is, in part, due to constitutive activation of 
NF-kB in pancreatic cancer (Wang et al., 2010; Harikumaret 
al., 2010). Our results also indicate that the CXCL12-induced 
gemcitabine resistance in pancreatic cancer cells might, in 
part, also be due to the activation of NF-kB and induction of 
downstream survival proteins (Bcl-2, Bcl-XL, survivin, etc.). 
The use of small-molecule inhibitors represents an attractive 
targeted therapeutic approach. 
AMD3100, a specific antagonist of CXCR4, was utilized 

to target CXCR4 activation in response to CXCL 12 treatment 
and demonstrate its efficacy in abolishing the chemo-protec 
tive effect of CXCL12-CXCR4 signaling axis. The therapeu 
tic potential of AMD3100 has been studied largely in fighting 
HIV infection (De, 2003), although there are also some recent 
reports that highlight its therapeutic use in cancer (AZabel al., 
2009: Yasumoto et al., 2006). In the same line, the data also 
indicate that AMD3100 might be useful in targeting the 
CXCL12-CXCR4 signaling axis in pancreatic cancer. Phar 
macokinetics and safety of AMD3100 has been studied in 
human Volunteers after intra-venous injection and shown to 
have minimal side effects (Hendrix et al., 2000). Therefore, 
AMD3100 can serve as a novel therapeutics for pancreatic 
cancer alone or in combination with cytotoxic drug. 

In conclusion, the findings provide additional Support for 
the pathological role of CXCL12-CXCR4 signaling in pan 
creatic cancer, and demonstrate, for the first time, a role for 
this axis in drug-resistance. The data shows that the induced 
chemo-resistance is partly mediated by the activation of Akt 
and ERKsignaling pathways and a small molecule antagonist 
against CXCR4 can effectively abrogate the Survival signals 
and re-sensitize the pancreatic cancer cells to gemcitabine 
cytotoxicity. Therefore, future clinical trials in pancreatic 
cancer might benefit from targeting of this signaling axis 
alone or in combination with chemotherapy. 

Example 2 

Time Course of CXCL12-Induced Sonic Hedgehog 
(SHH) Expression 

Panc1 and MiaPaca cells were treated with CXCL12 and 
expression of SHH was measured by Q-RT-PCR and Western 
blot analysis. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

24 
Q-RT-PCR: Pancreatic cancer cells (Panc1 and MiaPaca) 

were treated with CXCL 12 for different time point (0. 4, 8, 
24, 48 hours) for Q-RT-PCR analysis. To confirm the induced 
expression of Sonic hedgehog (SHH), reverse transcriptase 
based-PCR (RT-PCR) analysis was performed, using SHH 
specific primers. Briefly, cDNA was synthesized from 5 lug 
total RNA using SuperScriptTM II Reverse Transcriptase (In 
vitrogen) and oligo(dT) primer. Two micro liter of first strand 
cDNA (1:10 dilution) was amplified using the SHH specific 
and GAPDH specific primers control. Amplified products 
were resolved through a 1.5% agarose gel containing 
ethidium bromide and analyzed using an Alpha Imager gel 
documentation system (AlphaInnotech, San Leandro, Calif.). 

Immunoblot analyses: NP-40 lysis buffer containing pro 
tease and phosphatase inhibitors (Roche Diagnostics. 50 ug 
protein was resolved by SDS-PAGE (8-12%). The primary 
antibodies were: anti-sonic hedgehog (SHH, 1:2000, rabbit 
monoclonal, Millipore. Secondary antibody (Santa Cruz Bio 
technology) was horseradish peroxidase (HRP)-conjugated 
and was used a 1:2000 dilution. Bound immunocomplexes 
were detected using ECL Plus chemiluminescent detection 
reagent (GE Healthcare, Piscataway, N.J.). 

Treatment of Panc1 cells and MiaPaca cells with CXCL12 
induced expression of SHH (FIG. 7). 
The term “comprising as used herein is synonymous with 

“including.” “containing, or “characterized by, and is inclu 
sive or open-ended and does not exclude additional, unrecited 
elements or method steps. 

All numbers expressing quantities of ingredients, reaction 
conditions, and so forth used in the specification are to be 
understood as being modified in all instances by the term 
“about.” Accordingly, unless indicated to the contrary, the 
numerical parameters set forth herein are approximations that 
may vary depending upon the desired properties sought to be 
obtained. At the very least, and not as an attempt to limit the 
application of the doctrine of equivalents to the scope of any 
claims in any application claiming priority to the present 
application, each numerical parameter should be construed in 
light of the number of significant digits and ordinary rounding 
approaches. 
The above description discloses several methods and mate 

rials of the present invention. This invention is susceptible to 
modifications in the methods and materials, as well as alter 
ations in the fabrication methods and equipment. Such modi 
fications will become apparent to those skilled in the art from 
a consideration of this disclosure or practice of the invention 
disclosed herein. Consequently, it is not intended that this 
invention be limited to the specific embodiments disclosed 
herein, but that it cover all modifications and alternatives 
coming within the true scope and spirit of the invention. Each 
of the following references is incorporated herein by refer 
ence in its entirety: 

REFERENCES 

Azab AK, et al., (2009) CXCR4 inhibitor AMD3100 disrupts 
the interaction of multiple myeloma cells with the bone 
marrow microenvironment and enhances their sensitivity 
to therapy. Blood 113 (18): 4341-4351 

Bai D, Ueno L, Vogt P K (2009) Akt-mediated regulation of 
NFkappaB and the essentialness of NFkappaB for the 
oncogenicity of PI3K and Akt. Int J Cancer 125 (12): 
2863-2870 

Datta S R, Dudek H, Tao X, Masters S, Fu H, Gotoh Y, 
Greenberg M E (1997) Akt phosphorylation of BAD 
couples Survival signals to the cell-intrinsic death machin 
ery. Cell 91(2): 231-241 



US 9,267,934 B2 
25 

De C E (2003) The bicyclam AMD3100 story. Nat Rev Drug 
Discov 2 (7): 581-587 

Fang D. Hawke D, Zheng Y. Xia Y. Meisenhelder J. Nika H, 
Mills G. B. Kobayashi R, Hunter T, Lu Z (2007) Phospho 
rylation of beta-catenin by AKT promotes beta-catenin 
transcriptional activity. J Bioi Chem 282 (15): 11221 
11229 

Gelmini S, Mangoni M. Serio M. Romagnani P. Lazzeri E 
(2008) The critical role of SDFIICXCR4 axis in cancer and 
cancer stem cells metastasis. J Endocrinol Invest 31 (9): 
809-819 

Glodek A M, LeY. Dykxhoorn DM, Park SY. Mostoslaysky 
G. Mulligan R, Lieberman J. Beggs HE, Honczarenko M, 
Silberstein L E (2007) Focal adhesion kinase is required for 
CXCL12-induced chemotactic and pro-adhesive 
responses in hematopoietic precursor cells. Leukemia 21 
(8): 1723-1732 

Harikumar KB, Kunnumakkara AB, Sethi G. Diagaradjane 
P. Anand P. Pandey MK, Gelovani J. Krishnan S, Guha S. 
Aggarwal B B (2010) Resveratrol, a multi targeted agent, 
can enhance antitumor activity of gemcitabine in vitro and 
in orthotopic mouse model of human pancreatic cancer. Int 
J Cancer 127 (2): 257-268 

Hendrix CW, Flexner C, MacFarland RT, Giandomenico C, 
Fuchs E J, Redpath E. Bridger G, Henson G W (2000) 
Pharmacokinetics and safety of AMD-3100, a novel 
antagonist of the CXCR4 chemokine receptor, in human 
Volunteers. Antimicrob Agents Chemother 44 (6): 1667 
1673 

Hermann PC, Huber S. L., Herrler T, Aicher A, Ellwart J. W. 
Guba M. Bruns C J, Heeschen C (2007) Distinct popula 
tions of cancer stem cells determine tumor growth and 
metastatic activity in human pancreatic cancer. Cell Stem 
Cell I (3): 313-323 

Huanwen W. Zhiyong L, Xiaohua S, Xinyu R. Kai W. Tong 
hua L. (2009) Intrinsic chemoresistance to gemcitabine is 
associated with constitutive and laminin-inducedphospho 
rylation of FAK in pancreatic cancer cell lines. Mol Cancer 
8:125. 125 

Jemal A, Siegel R. Ward E. Hao Y. Xu J, Thun MJ (2009) 
Cancer statistics, 2009. CA Cancer J Clin 59 (4): 225-249 

Ji H. Wang J. Nika H. Hawke D, Keezer S. Ge Q, Fang B, Fang 
X, Fang D, Litchfield D. W. Aldape K, Lu Z (2009) EGF 
induced ERK activation promotes CK2-mediated disasso 
ciation of alpha-Catenin from beta-Catenin and transacti 
vation of beta-Caten in. Mol Cell 36 (4): 547-559 

Korkaya H. Paulson A, Charafe-Jauffret E, Ginestier C. 
Brown M, Dutcher J, Clouthier S G, Wicha M S (2009) 
Regulation of mammary stem/progenitor cells by PTEN/ 
Akt/beta-catenin signaling. PLoS Bioi 7 (6): e1000121 

Koshiba T. Hosotani R, Miyamoto Y. Ida J, Tsuji S. Nakajima 
S. Kawaguchi M. Kobayashi H. Doi R, Hori T. Fujii N. 
Imamura M. (2000) Expression of stromal cell-derived fac 
tor I and CXCR4 ligand receptor system in pancreatic 
cancer: a possible role for tumor progression. Clin Cancer 
Res 6 (9): 3530-3535 

Li Y. VandenBoom T G. Kong D. Wang Z. Ali S. Philip PA, 
Sarkar FH (2009) Up-regulation of miR-200 and let-7 by 
natural agents leads to the reversal of epithelial-to-mesen 
chymal transition in gemcitabine-resistant pancreatic can 
cer cells. Cancer Res 69 (16): 6704-6712 

Liau SS, Whang E (2008) HMGAI is a molecular determi 
nant of chemoresistance to gemcitabine in pancreatic 
adenocarcinoma. C/in Cancer Res 14 (5): 1470-1477 

Lu DY. Tang CH, Yeh W. L. Wong KL, Lin C P. Chen Y H, 
Lai CH, ChenY F. LeungYM, Fu WM(2009) SDF-alpha 
up-regulates interleukin-6 through CXCR4, PI3K1Akt, 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

26 
ERK, and NFkappaB-dependent pathway in microglia. 
EurJ Pharmacol 613 (1-3): 146-154 

Madrid L. V. Wang C. Y. Guttridge DC, Schottelius A. J. 
Baldwin AS, Jr., Mayo MW (2000) Akt suppresses apo 
ptosis by stimulating the transactivation potential of the 
RelAlp65 subunit of NFkappaB. Mol Cell Bioi 20 (5): 
1626-1638 

Marchesi F, Monti P. Leone BE, Zerbi A, Vecchi A, Piemonti 
L. Mantovani A, Allavena P (2004) Increased survival, 
proliferation, and migration in metastatic human pancre 
atic tumor cells expressing functional CXCR4. Cancer Res 
64 (22): 8420-8427 

Marechal R. Demetter P. Nagy N. Berton A, Decaestecker C. 
Polus M, Closset J, Deviere J, Salmon I, Van Laethem J L 
(2009) High expression of CXCR4 may predict poor sur 
vival in resected pancreatic adenocarcinoma. Br J Cancer 
100 (9): 1444-1451 

Marlow R, Strickland P. Lee JS, Wu X, Pebenito M, Binnew 
ies M, Le EK, Moran A, Macias H, CardiffR D, Sukurnar 
S. Hinck L. (2008) SLITs suppress tumor growth in vivo by 
silencing Sdfl/Cxcr4 within breast epithelium. Cancer Res 
68 (19): 7819-7827 

Matsuo Y, Ochi N. Sawai H, Yasuda A, Takahashi H, 
Funahashi H. Takeyama H, Tong Z. Guha S (2009) 
CXCL8/IL-8 and CXCL12/SDF-Ialpha co-operatively 
promote invasiveness and angiogenesis in pancreatic can 
cer. IntJ Cancer 124 (4): 853-861 

Middleton G, Ghaneh P. Costello E. Greenhalf W. Neoptole 
mos JP (2008) New treatment options for advanced pan 
creatic cancer. Expert Rev Gastroenterol Hepatol 2 (5): 
673-696 

MonickMM, Carter AB, RobeffPK, Flaherty DM, Peterson 
MW. Hunninghake GW (2001) Lipopolysaccharide acti 
Vates Akt in human alveolar macrophages resulting in 
nuclear accumulation and transcriptional activity of beta 
caten in. JImmunol 166 (7): 4713-4720 

Mori T. Doi R. Koizumi M., Toyoda E, Ito D. Kami K, Masui 
T. Fujimoto K, Tamamura H, Hiramatsu K. Fuji N. Ima 
mura M. (2004) CXCR4 antagonist inhibits stromal cell 
derived factor I-induced migration and invasion of human 
pancreatic cancer. Mol Cancer Ther 3 (1): 29-37 

Olive K P Jacobetz M. A. Davidson C J, Gopinathan A, 
McIntyre D, Honess D, Madhu B. Goldgraben MA, Cald 
well ME. Allard D. Frese KK, Denicola G. Feig C, Combs 
C, Winter SP, Ireland-Zecchini H, Reichelt S. Howat WJ, 
Chang A, Dhara M. Wang L, Ruckert F. Grutzmann R. 
Pilarsky C, Izeradene K, Hingorani SR, Huang P. Davies 
S E, Plunkett W. Egorin M. Hruban RH, Whitebread N, 
McGovern K, Adams J., Iacobuzio-Donahue C, Griffiths J. 
TuVeson D A (2009) Inhibition of Hedgehog signaling 
enhances delivery of chemotherapy in a mouse model of 
pancreatic cancer. Science 324 (5933): 1457-1461 

Ozes ON, Mayo L. D. Gustin JA, Pfeffer S R, Pfeffer LM, 
Donner D B (1999) NF-kappaB activation by tumour 
necrosis factor requires the Akt serine-threonine kinase. 
Nature 401 (6748):82-85 

Pei H, Li L, Fridley B L, Jenkins G. D. Kalari K R, Lingle W. 
Petersen G, Lou Z, Wang L (2009) FKBP51 affects cancer 
cell response to chemotherapy by negatively regulating 
Akt. Cancer Cell 16 (3): 259-266 

Rejiba S. Bigand C. Parmentier C, Hajri A (2009) Gemcitab 
ine-based chemogene therapy for pancreatic cancer using 
Ad-dCK::UMK GDEPT and TSIRR siRNA strategies. 
Neoplasia 11 (7):637-650 

Romashkova JA, Makarov S S (1999) NF-kappaB is a target 
of AKT in anti-apoptotic PDGF signalling. Nature 401 
(6748): 86-90 



US 9,267,934 B2 
27 

Rozengurt E (2007) Mitogenic signaling pathways induced 
by G protein-coupled receptors. J Cell Physiol 213 (3): 
589-6O2 

Saur D. Seidler B. Schneider G, Algul H. Beck R. Senekow 
itsch-Schmidtke R. Schwaiger M. Schmid R M (2005) 
CXCR4 expression increases liver and lung metastasis in a 
mouse model of pancreatic cancer. Gastroenterology 129 
(4): 1237-1250 

Scheid M. P. Duronio V (1998) Dissociation of cytokine 
induced phosphorylation of Bad and activation of PKB/ 
akt: involvement of MEK upstream of Bad phosphoryla 
tion. Proc Natl Acad Sci USA95 (13): 7439-7444 

Shah AN, Summy 1M, Zhang 1, ParkSI, Parikh NU, Gallick 
GE (2007) Development and characterization of gemcit 
abine-resistant pancreatic tumor cells. Ann Surg. Oncol 14 
(12): 3629-3637 

Shen X, Artinyan A, lackson D, Thomas R M. Lowy AM, 
Kim 1 (2010) Chemokine receptor CXCR4 enhances pro 
liferation in pancreatic cancer cells through AKT and ERK 
dependent pathways. Pancreas 39 (1): 81-87 

Sheridan C, Brumatti G. Martin S1 (2008) Oncogenic 
B-RafV600E inhibits apoptosis and promotes ERK-de 
pendent inactivation of Bad and Bim. J Bioi Chem 283 
(32): 22128-22135 

Singh A P. Moniaux N. Chauhan SC, Meza IL, Batra SK 
(2004) Inhibition of MUC4 expression suppresses pancre 
atic tumor cell growth and metastasis. Cancer Res 64 (2): 
622-630 

Singh S, Sadanandam A. Nannuru KC, Varney ML, Mayer 
Ezell R. Bond R, Singh R K (2009) 

Small-molecule antagonists for CXCR2 and CXCRI inhibit 
human melanoma growth by decreasing tumor cell prolif 
eration, Survival, and angiogenesis. Clin Cancer Res 15 
(7): 2380-2386 

Singh S, Sadanandam A. Singh R K (2007) Chemokines in 
tumorangiogenesis and metastasis. Cancer Metastasis Rev 
26 (3-4): 453-467 

Sizemore N. Leung S, Stark G R (1999) Activation of phos 
phatidylinositol 3-kinase in response to interleukin-1 leads 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 11 

<21 Os SEQ ID NO 1 
&211s LENGTH: 14 
212s. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Peptide 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (1) . . . (1) 
<223> OTHER INFORMATION: Xaa-4-fluorobenzoyl-arginine 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (3) . . . (3) 
<223> OTHER INFORMATION: Xaa-3 - ( (2-naphthyl) alanine 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (6) . . . (6) 
<223> OTHER INFORMATION: Xaa=citrulline 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (8) ... (8) 
<223> OTHER INFORMATION: Xaa-D-lysine 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (12) . . . (12) 
<223> OTHER INFORMATION: Xaa=citrulline 

10 

15 

25 

30 

35 

28 
to phosphorylation and activation of the NF-kappaB 
p65IReiA subunit. Mol Cell Bioi 19 (7): 4798-4805 

Thomas RM, Kim 1, Revelo-Penafiel MP, Angel R. Dawson 
DW, Lowy AM (2008) The chemokine receptor CXCR4 is 
expressed in pancreatic intraepithelial neoplasia. Gut 57 
(11): 1555-1560 

Wang S1, Gao Y. Chen H. Kong R, Jiang HC, Pan SH, Xue D 
B. Bai X W. Sun B (2010) Dihydroartemisinin inactivates 
NF-kappaB and potentiates the anti-tumor effect of gem 
citabine on pancreatic cancer both in vitro and in vivo. 
Cancer Lett 293 (1): 99-108 

Wang Z. Li Y. Kong D. Banerjee S, Ahmad A, Azmi AS, Ali 
S, Abbruzzese lL, Gallick G. E. Sarkar FH (2009) Acqui 
sition of epithelial-mesenchymal transition phenotype of 
gemcitabineresistant pancreatic cancer cells is linked with 
activation of the notch signaling pathway. Cancer Res 69 
(6): 2400-2407 

Wong H H. Lemoine NR (2009) Pancreatic cancer: molecu 
lar pathogenesis and new therapeutic targets. Nat Rev Gas 
troenterol Hepatol 6 (7): 412-422 

Yasumoto K, Koizumi K, Kawashima A, Saitoh Y, Arita Y. 
Shinohara K. Minami T, Nakayama T. Sakurai H. Taka 
hashi Y, Yoshie O, Saiki I (2006) Role of the CXCL12/ 
CXCR4 axis in peritoneal carcinomatosis of gastric cancer. 
Cancer Res 66 (4): 2181-2187 

Yokoi K, Fidler IJ (2004) Hypoxia increases resistance of 
human pancreatic cancer cells to apoptosis induced by 
gemcitabine. Chin Cancer Res 10 (7): 2299-2306 

Zhao Y. Shen S, Guo J, Chen H, Greenblatt DY, Kleeff J, Liao 
Q, Chen G, Friess H, Leung PS (2006) Mitogen-activated 
protein kinases and chemoresistance in pancreatic cancer 
cells. J Surg Res 136 (2): 325-335 
All references cited herein, including but not limited to 

published and unpublished applications, patents, and litera 
ture references, are incorporated herein by reference in their 
entirety and are hereby made a part of this specification. To 
the extent publications and patents or patent applications 
incorporated by reference contradict the disclosure contained 
in the specification, the specification is intended to Supersede 
and/or take precedence over any such contradictory material. 



22 Os. FEATURE: 

29 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (14). 
223 OTHER INFORMATION: Xaa-C" 

<4 OOs, SEQUENCE: 1 

Xaa Arg Xaa Cys Tyr Xaa Lys Xaa Pro Tyr Arg Xaa Cys Xaa 
1. 5 

... (14) 

US 9,267,934 B2 

- Continued 

AMIDATED ARGININE 

<210s, SEQ ID NO 2 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Peptide 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (3) . . . (3) 
<223> OTHER INFORMATION: Xaa-3- ( (2-naphthyl) alanine 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (6) . (6) 
<223> OTHER INFORMATION: Xaa=citrulline 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (8) . (8) 
<223> OTHER INFORMATION: Xaa=D- citrulline 
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<221s NAME/KEY: VARIANT 
<222s. LOCATION: (12 . . (12) 
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22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
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<223> OTHER INFORMATION: Xaa-C' AMIDATED Arginine 

<4 OOs, SEQUENCE: 2 

Arg Arg Xaa Cys Tyr Xaa Lys Xaa Pro Tyr Arg Xaa Cys Xaa 
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&211s LENGTH: 1912 
&212s. TYPE: DNA 
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cctggc catc gtccacgc.ca 

ggg.cggggca 

tttgttctaa 

tatgggaaaa 

CCCaCtactt 

aaaattittitt 

citc.ttittgca 

act coatgaa 

CCaCCatcta 

t catgggitta 

tggc.cgacct 

ggtactittgg 

gcagtgtc.ct 

c caacagt ca 

gaggagttag 

acaaagaatt 

gatggggagg 

cagaattitcc 

tta actgggit 

gatatacact 

ggaac cctt 

CtcCatCatc. 

ccagaagaaa 

cct citttgtc 

gaact tccta 

catcc toggcc 

gaggccalagg 

ccalagatgtg 

ttgtaattgg 

agagttgtag 

tgaagaaagc 

taatgcttgc 

t cagataact 

titc.cgtgaag 

ttcttaactg 

Ctgagaa.gca 

atcacgcttic 

tgcaaggcag 

ttcat cagtic 

aagctgttgg 

actittgaaac 

ttctaccalaa. 

gattctacat 

aagcctgaat 

tgaattggaa 

acaccgagga 

aaaatgctaa 

gCattgttggg 

tgacggacaa 

CCttctgggc 

tccatgtcat 

tggaccgcta 

Ctgaaaaggt 

6 O 

12 O 

18O 

24 O 

3OO 

360 

48O 

54 O 

660 

72 O 

30 
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gctctgtggg Ctic catgtag aagcc act at tactgggact gtgct cagag accCCtctic C 

cago tatt co tact ct ct co cogacticcga gag catgctt aatcttgct t c togcttctica 

tittctgtagc Ctgat cagcg cc.gcaccagc cgggaagagg gtgattgctg gggct cqtgc 

cctgcatc cc tict cotcc.ca gggcc tigc cc cacagotcgg gcc ct ctdtg agat.ccgt.ct 

ttggcct cct C cagaatgga gctggcc.ctic ticctggggat gtgtaatggit CCCCCt9ctt 

accc.gcaaaa gacaagttctt tacagaatca aatgcaattt taaatctgag agct cqctitt 

gagtgactgg gttttgttgat tcct ctgaa gCdtatgtat gcc atggagg Cactaacaaa 

citctgaggitt to cqaaatca gaag.cgaaaa aat cagtgaa taaac catca tottgcc act 

accc cct cct gaa.gc.cacag cagggittt Caggttccaatc agaactgttg gcaaggtgac 

attt coatgc ataaatgcga t ccacagaag gtc.ctggtgg tatttgtaac tttittgcaa.g 

gcatttittitt atatatattt ttgtgcacat tttitttittac gtttctittag aaaacaaatg 

tatttcaaaa tatatttata gttctgaacaat t catatattt gaagtggagc catatgaatg 

t cagtag titt at acttct ct attat citcaa act actggca atttgtaaag aaatatatat 

gatatataaa tdtgattgca gcttittcaat gttagccaca gtg tatttitt to acttgtac 

taaaattgta t caaatgtga cattatatgc act agcaata aaatgctaat tdttt catgg 

tataaacgtc. c tactg tatg togggaattta tttacctgaaataaaattica ttagttgtta 

gtgatggagc titaaaaaaaa 

<210 SEQ ID NO 5 
&211s LENGTH: 31 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Peptide 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (23) . . . (23) 
<223> OTHER INFORMATION: Xaa-Gln cyclized to position 27 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (27) . . . (27 
<223> OTHER INFORMATION: Xaa-Glu cyclized to position 23 

<4 OOs, SEQUENCE: 5 

Llys Pro Val Ser Lieu. Ser Tyr Arg Ala Pro Phe Arg Phe Phe Gly Gly 
1. 5 1O 15 

Gly Gly Lieu Lys Trp Ile Xaa Glu Tyr Lieu. Xaa Lys Ala Lieu. Asn 
2O 25 3O 

<210s, SEQ ID NO 6 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Peptide 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (3) . . . (3) 
<223> OTHER INFORMATION: Xaa-3- ( (2-naphthyl) alanine 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (6) . . . (6) 
<223> OTHER INFORMATION: Xaa=citrulline 
22 Os. FEATURE: 

<221s NAME/KEY: VARIANT 
<222s. LOCATION: (8) ... (8) 
<223> OTHER INFORMATION: Xaa-D-lysine 
22 Os. FEATURE: 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

86 O 

92 O 

94 O 

34 
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caaatgtgac attatatgca citagdaataa aatgctaatt gttt catggit ataaacgt.cc 114 O 

tact.gitatgt giggaattitat ttacctgaaa taaaatt cat tagttgttag tdatggagct 12 OO 

taaaaaaaa. 1209 

<210s, SEQ ID NO 11 
&211s LENGTH: 1691 
&212s. TYPE: DNA 

<213> ORGANISM: Homo Sapiens 
22 Os. FEATURE: 
223 OTHER INFORMATION: CXCR-4 

<4 OOs, SEQUENCE: 11 

aact tcagtt tttggctgc ggcagcaggt agcaaagtga cqc.cgagggc Ctgagtgctic 6 O 

Cagtagccac cycatctgga galaccagcgg ttaccatgga ggggat cagt atatacactt 12 O 

Cagatalacta Caccgaggaa atgggcticag gggactatga ctic catgaag galacc Ctgtt 18O 

tcc.gtgaaga aaatgctaat ttcaataaaa tottcctgcc cac catctac to catcatct 24 O 

tcttaactgg cattgttgggc aatggattgg to atcctggit catgggttac Cagaagaaac 3OO 

tgagaa.gcat gacggacaag tacaggctgc acctgtcagt ggc.cgacct C Ctctttgtca 360 

t cacgct tcc Cttctgggca gttgatgc.cg tdgcaaactg gtactittggg alactt CCtat 42O 

gcaaggcagt ccatgtcatc tacacagtica acctic tacag cagtgtc.ctic atcctggcct 48O 

t cat cagt ct ggaccgctac Ctggc catcg tcc acgc.cac caa.cagt cag aggccaagga 54 O 

agctgttggc tigaaaaggtg gtctatgttg gcgtctggat CCCtgcc ct c Ctgctgact a 6OO 

titc.ccgacitt catctittgcc aacgt cagtg aggcagatga cagatatatic tdtgaccgct 660 

tctaccc.caa tacttgtgg gtggttgttgt to cagtttca gcacat catg gttggcc tta 72 O 

t cct gcctgg tattgtcatc ctdtcctgct attgcattat catct coaag ctgtcacact 78O 

c caagggcca ccagaag.cgc aaggc cctica agaccacagt catcc to atc ctdgctttct 84 O 

tcqcct gttg gct gcc titac tacattggga t cago atcqa citcct tcatc citcctggaaa 9 OO 

t cat Caagca agggtgtgag tittgagaaca Ctgtgcacaa gtggattitcc at Caccgagg 96.O 

c cctagottt citt coactgt tdtctgaacc ccatccticta togctitt cctt ggagccaaat O2O 

ttaaaacctic togcc.ca.gcac goacticacct ctdtgagcag agggit coagc ct caagatcc O8O 

tctic caaagg aaa.gcgaggt gga cattcat Ctgttt C cac tagt ctgag ticttcaagtt 14 O 

ttcact coag ctaacacaga tigtaaaagac tttitttittat acgataaata acttittttitt 2OO 

aagttacaca tttitt cagat ataaaagact gaccalatatt gtacagttitt tattgcttgt 26 O 

tggattitttgtc.ttgttgttt ctittagttitt tdtgaagttt aattgacitta tittatataaa 32O 

tttitttttgt tt catattga tigtgtgtcta ggcaggacct gtggccaagt tottagttgc 38O 

tgtatgtc.t.c gtgg taggac ttagaaaag ggaactgaac atticcagagc gtgtagtgaa 44 O 

t cacgtaaag ctagaaatga t cc ccagotg tittatgcata gataatctot coatt cocqt SOO 

ggaacgttitt toctdttctt aagacgtgat tittgctgtag aagatggcac ttataac caa 560 

agcc caaagt ggtatagaaa totggtttt t cagtttitca ggagtgggitt gattt cagca 62O 

cctacagtgt acagtc.ttgt attaagttgt taataaaagt acatgttaaa cittaaaaaaa 68O 

aaaaaaaaaa, a 691 

What is claimed is: 65 abine, said method comprising contacting the cell with 
1. A method of reducing the resistance of a pancreatic AMD3100 in combination with an effective amount of the 

tumor cell to a chemotherapeutic agent comprising-gemcit- chemotherapeutic agent, wherein the effective amount of the 
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chemotherapeutic agent is less than the effective amount of 
the chemotherapeutic agent in the absence of AMD3100 and 
is sufficient to reduce growth of the tumor cell. 

2. The method of claim 1, wherein the tumor cell is selected 
from the group consisting of CFPAC-1, Aspc-1, SW 1990, 
Colo-357, MiaPaca, Panc1, Panc02.37, Panc10.05, BxBC3, 
Panc02.03, HPAF-II, and CaPan-1. 

3. The method of claim 1, wherein the chemotherapeutic 
agent comprises gemcitabine and erlotinib. 

4. A method of ameliorating pancreatic cancer in a subject 
comprising administering an effective amount of a chemo 
therapeutic agent comprising gemcitabine in combination 
with an effective amount of AMD3100 to the subject, wherein 
the effective amount of the chemotherapeutic agent is less 
than the effective amount of the chemotherapeutic agent in 
the absence of AMD3100, and is sufficient to ameliorate the 
CaCC. 

5. The method of claim 1, wherein AMD3100 and the 
chemotherapeutic agent contact the cell concurrently. 

6. The method of claim 4, wherein the chemotherapeutic 
agent and AMD3100 are administered concurrently. 

7. The method of claim 4, wherein the chemotherapeutic 
agent comprises gemcitabine and erlotinib. 

k k k k k 

10 

15 

44 


